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ABMY SERVICE CORPS;— 

Eeg<imental- Standing Oriiera. 1911. 6d. (Cd); AtbiendmBnts.. Id. (1&); 
'. Memorandum Ho. 25. Irf. (Irf.) . 

Training. Parti. (Reprinted, with Amendments, l!il4). M. .(Sd.)'- (In the press) 
;,- Ditto. PartH. Supplies. - 1909. (Kepriuted, 1914, witji new, Appendix XII.) 
la. 3d. (Is. Id.) !)■.., 

Ditto. Partlll. Transport. 9d (9d) 
Ditto. Part IV. Meohanieal Transport. 1«. 4d. (Is. 2d)'' 
Ditto. Amendments, July 1914, to Parts J. and,' III. 3d (3d) 
■ ABTIKIOERS. Militarj'. Handbook. 9theditiou. 1910. 1«. (lid) i Under reiisioii) 

Ditto. Amendments. 1912 ; May 1914. Eich Id (Id) _ ,- . 

ABTILLERT AT THE PtOARDY MANCBTJVRES in 1910. Translated 

from the French. 2s. Gd (2s.) ' 

ABTILLERT. Hoyal:— . 

CtBoers' Mess Management; {See Ordnance College.) , „ r 

Practice. Instructions : — wr^-^ 

Garrison. Coast Defences. Seawards. 1914-15. 3d. '(3d) ;v i- 
Garrison. Siege and Movable Armament 1914. 3d. (3d): 
Horse, Field; and Heavy, 1914. 6d (5d) . r^ ' 

Standing Orders for : — ' ' "' ^Vi' 

Brigade of Mounted Artillery. Id. (ld.1 , '' 

Lieut-Ooloners Command, E.G.A. (Coast and Siege). Id. (Id) . 
'Training: — ■ 

Field. 1914. 9d (9d) 
Garrison — 

Vol. I. 1914. 6d. (Gd) 

Vol. II. (Siege). 1911. '(Eeprini:ed, with Amendments, 1914). 9d. (8d) 
Vol. III. 1911. (Eeprinteid, with Amendments, 1914). Is. (lid) 
ABTII;LEBV COLIiEG-E. Reports upon the 14th to 18th Senior Classes. 

■Each 1». (9d) (See also Ordnance College), 
ARTIIiliERY, FIELD. The Tactics of. (70B SckellX Translated. 1900. 
. ■ U. (lOd) , ' 

ARTILLERY INSTRUMENTS. Handbook of. 1914. Is.Gd (Is. 4d) 
ARTILLERY MTJSEXTM in the Eotunda, Woolwich. OlEcial Catalogue. . 1906. 

(Soldatthe Botwiida. Is. 6d) 
ARTILLERY AND RIFLE RANGES ACT, 1885, and MILITARY 
LANDS ACTS, 1892 to 1903. Byelaws under :— 
, Aldeburgh, 1896; Ash (Aldershbt Camp), 1887; Finborough, 1901; Hythe, 1894; 
luchkeith ' Battery, 1896 ; Kinghornness, 1896 ; Landguard, 1887 ; lydd— ' 
, - •' Dungeness, 1895 ; Middlewick, 1890 ; Millbrook, 1888 ; Orchard Pprtman, ,1896; 
. Scarborough, 1902 ; Scraps Gate, 1886 ; Shoeburyness, 1895 ; Sonthwold, 1896 ; 
Btrensall, 1900; Wash, 1891;- Whitehaven Battery (Cumberland), 1896. 
Each Id (Id) , 

Purfleet, 1911. Is. (9d) 
Salisbury Plain, 1900. id. ■ (id.) 
ARTILLERY STORE ACCOTTNTS AND THE SUPERVISION OF 

'B.G.A. SUB-DISTEICTS. Notes on. 1914. Is. (lOd) 
ARTILLERY STORE ACCOUNTS AND THE CARE AND 
PEBSEEVATION OP EQUIPMENT OF EOYAL AETILLEEY, HOESE, 
FIELD, AND HEAVY BATTEEIES. Notes on. Sept. 1914. 6d (5d) 
BALLOONING. .Military Manual of. Part L 1905. Is. (9d.) 
BARRACKS. Care'of. Instruction in. 1901. M. (Id.) 
BASHFORTH CHRONOGRAPH. Experiments with, to determine the resistance 

of the air to the motion of projectiles. Keport on. 1870. Is. (9d) 
BAYONET FIGHTING. Instruction in. Id (Id) 

BAYONET FIGHTING FOR COMPETITIONS. Instruction in. Id (Id) 
BERMUDA MILITARY ARTILLERY. Eegulations, 1914, 9d (7d) 
BICYCLES, Military. Handbook on. 1911. (Eepriuted, with Amendments, 1914.) 

Id (Id) 
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EcLuipment Begulations — continued. 

SectioD, 

Xi6. Field Artillery. Q.F. 18-pr. 
fBegular Artny.) 1914. 
9(j. (id.') 

XIc. Field Artillery. B.L. 5-in. 
Howitzer. 1908. ' M. {id.) 

XIc. Ditto. Q.F. 4-5-in. Howitzer. 
-(Regular Army.) 1913. 
9rf. (8rf.) 

XIrf. Eeserve Brigades with C1.F. 
18-pr. Equipment, Horse 
and Field Artillery, Staff 
and DepSts, Biding Estab- 
lishment, School of Gun- 
nery (Horse and Field), 
'and Mounted Band. (Begu- 
larArnay.) 1914. 6rf.,<6rf.) 

Xle. Mountain , Artillery with 
B.L. 2-75-in. Equipment. 
Mountain Battery and 
Ammunition Column. 

Mule ' Trinsport. .Pro- 
vieional. (BegularArmy.) 
1914. 6(f. (5rf.) 

XIIo. Boyal Garrison Artillery. 
(Begular Army.) 1914. 
2s. Gd. (1». lit?.; , 



Section. 
XIIJ. Boyal Garrison Artillery, 
Siege Artillery, Movable 
Armament, and Machine 
Guns in Armaments. 1913. 
Is. (lOA) ^ 

Xlle. Heavy Artillery. B.L. 60-pr. 
, (Eegulai- Army.) 1913. %d. 
(8d) 

XIV. Cavalry School, Netheravou. 

(Regular Army.) 1914. 2d. 

No 

XV. Camel Corps School,' Egypt, 

(Begular Army.) 1914. "id. 

XVI. Special Beserve. 1913. id. 

(4r/.) 
XVIL Officers Training Corps. 

■1912. 3d (3(7.) 
Practice Batteries- and Drill Guns^ 

(Fixed Mountings)- of the- 

Boyal ' Garrjsin Artillery. 

(Part 2, Sections XIIo. and 

XVL, and Part 3.) 1909. 

Is. 6d (Is. id.) 
Ditto, Amendments, March.. 

1911. Id (Id) 



Parte. Territorial Force. 1914. 6d (6d) 
Ditto, Details: — 

Sec. IX. Artillery. 1912. Is. '(9d) 

Ditto.. Amendments, April 1912 ; Feb. 1914. Each Id (Id) 
Sec. X. Engineer. 1912. 3d (3d) , 

lAmendments to Parts 1 and 2. Jan., Feb., April, May, Aug., Sept., Dec. 

March 1908 ; July 1909. Each Id (Id) 
Amendments to Part 2. Oct. (two issues), Nov. (two issues); 
,Tune, Sept. 1911 ; Feb., April, July (two issues), Aug. 1914. ^ach la; 
Amendments to Parts 1, 2, and 3. Aug> 1908 ; April 1909 ; Jan., May, 

Deo. 1910; April, Aug. 1911; Nov. 1913. B^ch Id (Id.) , ' 
Amendments to Parts 1, 2, and 3. Oct. 1909; Fob. 1912; 

April 1914 Each 2d (2d) 
Amendments to Pai'ts 2 and 6. Jan. 1909 ; Sept. 1912. Each Id. (Id.) 



1907 f 
1910; 

rid) 

Aug., 



March, July 1913 j 



ESTABLISHMENTS :— 
Pbaob: — 

Part II. Territorial Force. 1913-14. 4d (4d) (Under revin'on) 

Ditto. Ohajnges in. Nov. 1913. Id (Id) .< 

Part III. I Departmental and Miscellaneous Begular Establishments and 

Instructional Institutions. 1913-14. 2d (2d.) 
Part IV. Headquarters Establishments. Home, Colonies and India. 1913-14, 

3d (3d) 
Part V. Establisliment of Commands Abroad and Summaries of the Military 

Forces of the Crown. 1913-14. 2d (2d) ' 

Wab :— 

Parti. Escpeditipnary Force. I 1914. 8d. (8d.) (Under remmon) 

Part IL Territorial Force. 1911. 8d (7d) 

Part V. Beserve Dep6t, and other Eegiraental Units maintained at Home 

after mobilization. 1914. 4d (4d.) 
Part VI. Departmental and Miscellaneous Begular Establishments and 

Instructional Institutions maintained at Home after Mobilization. 1914. 

2d (2d) ■ .- . 
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BUAOFEAN "WABi 1914-15. Despatches (Naval and ' Mililary!) refiting ' to 
Opei;ations in the War. Sept., Oct., and, Nov., 1914. With List of Honours and 
Bewarcl,s Conferred. With Sketch Hap> id, (3d) 

BXAmiiTATION PAPERS :— 

■ QuallijEying Oertifioates. Sept. 1905; March 1906; Sept. 1909; March, Sept.! 1910; 

.March, Sept, 1911; March 1912. Each 6d (5A") 
Eoitraacer E.M. Academy, B.M. CoUeee. Nov..-I)bc 1906; June-July, Nov.- 
,.,, Dec. 1906 ; June-July, Nov.-Dec. 1907 ; June-July, Nov.-Deo. 1908 ; NoT.-Deo. 
.,, .19.11. . BaohU' (10a.) ' ■ 

Entrance : KM. Academy, E.JSI. College, Qualifying Test for Commissions. 
Supplementary J'irst Appointments in the Koyal Marines. June-July 1912. 
Is. (IW.) ...... 

Entrance : E. M. Academy, E.M. College, Qualifying Test for CommissionB. 
,,. Noy. 19,12; Nov.-Dec. 1913. Each Is. (lid) 

' Entrance:' E.M. Academy, E.M. College, Qualifying Test for Comnlissxoiis. Sup- 

plerhehtary First Appoiutments in the Eoyal Marines. Appointments in the 

Indiap Police Force. Appointments in the Police' Forces of the Straits Settle- 

' ', inente, and the Federated Maljiy States. Oadetsbips in the Eoj'ai Navy (Special 

Entry). June-July 1914^ is. (Ud) 
'Freehand Dra'wing at the Army Euti'^uce Examination of Nov. 1913. ' Specimen 

Paper to illustrate the kind of questions that -wilj beset in. 6d (od) 
B.M. Academy, Fourth Class ; E.M. College, Fourth, Third and Second Divisions. 

. . Julj, Dec. 1904 ; June 1905. Each Is. 
B.M.' Academy, Fourth Class; 'K. M. College, Senior Division. Deo. 1905; 

June, Dec 1906 ;. July, Dec. 1907. Each Is. 
Staff College. Admission. Aug. I!i07 ; Aug. 1909 ; July 1911 ; June-July, 1912 ; 

Juuer-July J.913. Each Is. <6d) , • 

Regular Forces, Canadian Perhianent Forces, Special Eeserre.pt Officers, 
Territorial Force, and Colonial Military Forces., ■ May, Nov. 190S', May, Nov. 
1908, Each Is. (lid) - . ' ,' 

Ditto. Mav 1909, 9d (8d) 
Officers for Promotion. Dec. 1912 ; May, Dec. 1913 ■; April 1914. Each Is. (6d) 
Militia, Imperial .Teomanry, and University Candidates. March, Sept. 19U4; 

Sept. 1905 ; , Oct. 1906. Each Is. 
Special Reserve, Militia, Territorial Force, and 'University Candidates. Oct. 
... 1911; March, Oct. 1912; March. Oct. 1913. Eacli Is. (6d) 
Special Reserve, Militia, Territorial Force, Non-Commissioned Officers, and 
.■■, University Candidates. Mai-cli 1914. Is. (6d) . , , 

Officers Training Corps : — ' 

,' Cadets of the Senior Division. Certificate A. Dec. 1908. 6d. (5A) 
' ' Cadets of the Junior and Senior Divisions. Certificates A and B. Spring pf 
1909 ; Nov. 1910 ; May, Nov. 1911 ; March, Nov. 1912 ; March, Nov. 1913 ; 
March 1914. Each 6d (6d) 
t'oreign Languages. Modern. July 1906 ; July 1908; April, July 1909 : Jan;, June, 
Oct. 1910; Jan., June, Oct. 1911; June 1912 ; June 1913; June 1914. 
Eachls. (6d) ■ 

SXPLOSI'VBS. Service. Treatise on. 1907. Is. 6d (Is. 2d) 
yiELD SERVICE MANirALS :— ..f'^, 

Artillery. Field. Brigade. Q.F. 18-pr. 1908. 3d (3d) "■^■' (Under revision) 

■ -Ditto. Ditto. (Ho-witzer) Brigade. 5-inch B.L. 1908. 3d (3d) 

Ditto. Heavy (B.L. 60-pr.) Battery and Amnranition Column. Expeditionary 
Force. 1910.' 3d (3d) {Under revieim') 

Ditto. Horse. Brigade. 13-pr. Q.E., 1908. 3d (Sd) 
Ditto. Ditto. Appendix to. E.H.A.Batte!!y,and Mounted Brigade Ammunition 
Column., Id (Id) , . 

■ ■ Cavalry Regiment. Expeditionary Force. 1913. 3d (3d.) ( Under revision) 

Engineers. Balloon Company. Expeditionary Force. 1910. 3d (3d) 

Ditto. Bridging Train. Expeditiona^^y Force; 1910. 3d (3d) {Under revision) 
Ditto. Field -Company.. Expeditionary Force. 1914. 3d. (3d) 

i ( Under revision) 

Ditto. Field Squadron. Expeditionary Force. 1914. 3d (3d.) 
'•"Ditto. Field Troop.- . Expeditionary -Fofce. 1910. 3d (3d) ' 

Ditto. "^orks Company. Expeditionary Force. 1910. 3d (3d) 
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Field Service, 'iS.a.-oxLaXa— continued. 

Headquarters Units. Expeditionary Force. 1911. Srf. (3rf.) 
Infantry Battalion. Expeditionary iPprce. 1914. Zd. (3(i) 
Infantry (Mounted) Battalion. Expeditionary Force. 1913. 3rf, (Set) 
Medical Service. Army. Expeditionary Force. 1914. 3d. (Srf.) 
Signal Service. Signal Company (Air Line). , Expeditionary Force. 1913. 

3(/. (3(i) 
Ditto. , Ditto. (Cable). Expeditionary Force. 1913. 3d (3i) 

Ditto. Ditto. ■ (with Division). Expeditionary Force. 1913. 

Zd. (Zd.') (Under remtUm) 

Ditto, ' Ditto. (Lines of Communication). Expeditionary 

Force. 1914. 3d. (Zd.-) 
FIELD SERVICE POCKET BOOK. 1914. 1«. ^ (lid.) 
FIELD SERVICE REGULATIONS :— 

- Parti. Operations. 1909. (Keprinted, with Amendmetts, 1914). 6d (fid.) 
Part II. Organization and Administration. 1909. (Reprinted, with Amend- 
ments to Got. 1914); Is. (lOd.) : 
FIKANCIAL INSTRUCTIONS IN RELATION TO ARMT ACCOUNTS. 

1910. (Eeprinted, with Amendments to Sept. i, 1914.) 4d. (4d.) 
■FLTZNe CORPS. ROYAL. Training Manual :— 
Part L ; Provisional. 1914.' Is. (lOd:) 
Ditto. Amendments. Jan. 1915. Id. (Id) 
Part II. Military Wing. ProvisionaL 1914. 3d. (4d.) 
FOREIGN LANGUAGES. STUDY OP. Regulations. 1913. . 2d. (2d:) 
FORTIFICATION PERMANENT. For the Imperial Military Training Estab- 
lishments and for the Instruction of Officers of all Arms of the Auetro-Hungarian 
Army. 7th Edition. Translated. 4s. (2s. lid.) ' 

FRANCO-GERMAN WAR, 1870-71. Translated from the German Official 
Account. Five vols. £6 lis. 6d. 

Also separately, in Volumes invloth, Sections in paper covers, and 
- Plans unmoMnted^'-*- 
. First Part— History of the War to the Downfall of the Empire — ■ i 

Vol. 1 (S ecus. 1 to 5). Outbreak of Hostilities to Battle of Gravelotte. £16s. 

(Out of prim) 
■ Vol. 2 (Secns. 6 to 9). Battle of Gravelotte to Downfall of the Empire. £1 2». 

(Out of print'} 
.Second Part — History of the War against the Republic — 

Vol. 1 (Secns. 10 to 13). Investment of Paris to Re-occupation of Orleans by 

the Germans. JEI 6«. (18s. 6d.) > 

Vol. 2 (Secns. 14 to 18). -Events in Northern France from end of Nov. InNorth- 
west from beginning of Dec. Siege of Paris from commencement of Dec. to 
the Armistice. Operations in the South-east from middle of Nov. to middle 
of Jan. £1 6s. (l'9s.) 
Vol. 3 (Secns. 19 and 20). Events in South-east Prance from middle of Jan. to 
Termination of Hostilities. Rearward Communications. The Armistice. 
Homeward March and Occupation. Retrospect. £1 lis. 60!. (£1 2s. Si) 
Sec. 
, 1. Events in July. Plan. 3s. (2s. id.) 

2. Events to Eve of Battles of WSrth and Spicheren. ' 3rd edition. /Ss. 
, . (Out ofprini) 

8. Battles of Worth and Spicheren. 3rd edition, 6s. ' (Oiit of print) 

4. Advance of Third Army to the Moselle, &c. 2nd edition. 4s. (Out ofprint) 
6. pperations near Metz on 16th, 16th, and 17th August. Battle of Vionville — 
Mars la Tour. 2ud edition. 6s. fid. (Out of print) 

6. Battle of Gravelotte. St. Privat. 6s. (Ovt of print) 

7. Advance of Third Army and of Army of the Meuse against Arm'y of Chalons. 

6«. (Out of print) 

8. Battle of Sedan. 3s. (Out oj print) 

9. Proceedings on German Coast and before Fortresses in Alsace and Lorraine. 

Battle of Noisseville. General Review of War up to September. 4s. 6d. 
(3s. 4d.) 

10. Investment of Paris. Capture of Toul and Strassburg. 6s. (4s. 6A) 

11. Events before Paris, and at other points of Theatre of War in Western France 
; until end of October. 6s. 3d. '(3.<. IW.) 
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Franoo-G-erman Wax-^conlimied. 
Seb. 

12. Last Engagements with lE'rench Army of the BMne. Occurrences aftet fall of 

Strassburg and Metz to middle of November. 4s. 6d, (3s.. 5d) 

13. Oocurrenoes on Theatre of War in Central France up to Ke-occupation of 

Orleans by the Germans. 6s. (4». 6d,) 

14. Measures for Investment of Paris up to middle of December. 4<. (Ss.) 

15. Measures for Protecting the Investment of Paris and Occurrences before 

French Capital to commencemont of 1871. 2»w 6d. (Is. lid:) ■ .;.'. 

16. Proceedings of Second Army from commencement of 1871 until the Armistice, 
r 3«- Sd. (is. Sd.) 

17. Proceedings of First Army from commencement of 1871 until the Armistice. 

3». (2s. 3rf.) 

18. Occurrences on South-eastern Theatre of War up to middle of January, 1871, 

Events before Paris from commencement of 1871 to the Armistice. 
8s. (6s.) ■ 

19. _ Occurrences on South-eastern, Theatre of War from middle of January 1871. 

Proceedings in' rear of German Army, and in Coast Proviilces, from Nov, 
J 1870 until the Armistice, 13s. 6d. (9s. 8d) 

20. Semeial Ketrospeot of War from beginning of Sept. 1870 to Cessation of 

Hostilities. Armistice and Peace Preliminaries.-, Heturn of German Apny 
and Peace of Frankfort. The Occupation. The Telegraph, Post, Supply 
_'• of Ammunition, Commissariat, Hospital Service, Divine Service, Military 
Justice, Kecruitment, and Home Garrisons. , Besults. 5s. ' (3s, 9(i) 
Analytical Index,. Is, 6U. (Is. id.) , ■ ■■ 

Plans— 
4. Battle of Colombey-Nouilly. 3d. (3d.) 

5a. Battle of Vionville— Mars la Touri Position of Contending Forces at Noon. 
(■ , 3d, (3d.) 

\ 5b, Battle of Vionville — Mars la Tour. Position of Contending Forces from 4 to 
.5 p.m. 3d. (3d.) 
9a, Battle of Sedan, Position of Contending Forcps towards Noon, 3d. (3d,) 
9b, Battle of Sedan. Position of the Germans in the afternoon shortly before the end 
of the struggle, 3d. (3d.) 

(See also Siege Opeiiationsj.) 
tiJEBMAN ARMY :— 

Cavalry. Drill Kegulations. 1909, '3d. (Sd.) 
Field Service Regulations. 1908, Is, (lOd.) ' 

Foot Artillery. Drill Regulations. Part, IV, The Fight, 1909, 3d. (3d.) 
. ■ Manceuvres Kegulations. 1908, 3d. (3d.) > 

fiEBMAK'?, The Campaign of 1866 in. With 22 Plans in portfolio. 1872, 
, (Eeprin^dl907.) 6s, (4«. lOc?.) 

' Ditto. Moltke's Projects for. Is. (lOd^ ' 

aTJBBNSET AND ALDBBNEY EOYAL BtlLITIA, Regulations, With the 

Militia Laws relating to the Islands. Provisional. 3s. (2s. 2d,) 
dtJNS, DriU for. ' (/Ijid see atJJIS, Handbooks for) :— 
60-pr,B,L. 1912. Id. (Id.) 
18-pr. Q.P, 1914. Id, (Id.) 
15-pr. BiL. 1914. Id, (Id) 
16-pr,B,L.C, 1914, Id. (Id) 
•15-pr. Q,F. 1912, Id. (id.) 
la-pr, Q.!". 1914. Id. (M.) 

12-pr. 12-cwt. (a,.F. Land Service. 1914. Id. (Id) 
lO-pr, B.L, 1914. Id. (Id) 

'9:2-inch B.L. Mark IX., op. Mark IV. Mounting, Land Service, 1914 Id. (Id,) 
9>2-inoh^.L. "C'Mark IX., on Marks Va. and Vb, Mountings, Land Service, 
,"■■ 1914, Id. (Id.) 
9r2-iuchB,L. Marks X;, XX., and X*., on Mark V. Mounting. Land Service. 

1914. Id, (Id.) ' ' 

6-inoh B.L, Marks VII, and VIIX, Land Service. 1914, Id. (Id) 
ft-inch B.L, Howitzer. 1912, (Reprinted, with Amendments to Dee. 1914)i- 

Id. (Id,) 
6-inch Q.F, Land Service, 1914, Id, (Id.) 

6-inoh B.L, Howitzer. 1912. , (Reprinted 1914 with Amendnients). lA (Id) 
4-7-inch Q.F, on Travelling Carriages, 1912. id. (Id.) 
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4-7-incli Q.F. tleavy Batteries. Provisional. 1914. Id. (U) 
4-5-inoh Q.P. Howitzer. 1914. Id. (Id.) 
4-inch Q.F. Land Service. 1914. Id. (Id.) 
2'95-incl> Q.F. 1914. Id. (Id:) 

GTTNS. Handtooksfor. (And see aXTJSfS. Drill for):— 
60-pr. B.L. Land Service. 1913. l«.'6d. (Is. 3d.) 

18-pr. Q,.F, Land Service. 1913. (Eeprinted, with Amendmenta, 1914). Is. (],ld.) 
" l5-pr. B.L.' Marks IL to IV., and Carriages, Marks ,11."* and IV., and Wagoni 

and Limber, Mark IV. Field .Batteries. 1914. Provisional. Is. (lOd.) 
16-pr. B.L.O. Marks I., II., II.*, and IV., with Mark I. Carriage, and Marks 

I., lo, IJ, and lo. Limbers and Wagons. Land Service. 1912. Is. (lOd.) 
15-pr. Q.F. Land Service. 1914. Is. Gd. (Is. 2d.) 
13-pr. Q.F. Land Service. 1913. (Eeprinted, with Amendments, 1914J. Is'. 3d. 

(Is. Id.) 
12-pr. B.L. of 6 owt. Marks I. to IV. and IVo, and Carriages Marks I.», I.**, 

and II. Horse Artillery. 1905. 1». (lid.) 
10-pr. Jointed B.L. Mule Equipment. 1914. Is. 6d. (Is. Zd.) 
9-45-inoh B.L. Howitzer. 1906. 9d. (7d.) 
9-2-inch B.L. Mark IX., "C" Mark IX., and Marks X., X^, and X.* Land 

Servite. 1912. Is. (lid.) 
8-inohR.M.L. Howitzer of 70 cwt. Movable Armament and Armament of Works. 

Land Service. 1901. 2s. (Is. 6d.) 
6-inch B.L. and B.L.O. .Guns, Mountings, &c. 1904. Is.'Od. (Is. 4d:) 
6-inch B.L. Marks VIL and VIJX. Land Service. 1911. 9d: (Sd) 
6-inch B.L. Howitzer, 30 cwt. Marks I. and I*. 1913. (In preparation) 

6-inch Q.F. Land Service. 1903. Is. (lOd.) 
6-inoh"B"Q.F. Land Service. 1911. Is. (lOd) 
, 6-4-inoh B.L. Howitzer. Mark L 1902. Is. 6d. (Is. 2d.) 
6-inch B.L. Marks I.— V. 1904. 9d. (9d.) 

5-inch B.L. Marks IV.— V. Land Service. 1903. Is. 6d. (Is. 2d) 
5-inoh B.L. Howitzer. 1909. 9d. (9d.) (Under revision) 

4-7-inoh Q.F. Fixed Armaments. Land Service. 1904. Is. (lid) 
4'7-inch Q.F.B., on Travelling Carriages. Land Service. 1910. (Eeprinted, with 

Amendments,, 1914). 9d. (8rf.) 
4'5-itich Q.F. Howitzer. Land Service. 1914. Is. 3d. (Is. lii) 
2"95-inch Q.?. Mule Equipment and Man Transport Equipment. 1914, 

2s. (Is. 6d) , ' ' 

•303-inch Viokers Machine (Magsizine Eifle Chamber), on Tripod Mounting, 

Mark IV. 1914. , 6d (6d.) 
' •303-inch 'Nordenfelt 3-barrel and Gardner 2-barrel converted from •4-inch and 

0'45-inoh M.E. Chamber, Magazine Kifle Chamber, on Oari;iage3. 1900. 

3d. (8d.), - 

BISTOKICAI. BSCOBBS OF THE BRITISH ABUT :— 

Horse Guards. ,'6s. (3s. 7d.) 

Dragoon Guards, 3rd, 4th, 5th, 6th, and 7th. Each 4s. (3s.) 
Dragoons, Ist, 3rd, 7th, 14th, and 16th. Each 4s. (3s.) 
.Ditto. 12th and 13th. Each 3s. (2s. 3d.) > 

.Marine Corps. 3s. (2s. 2d.) 

.Foot, 2nd, 6th, 8th, 10th, 11th, 13th, 16th, 17th, 18th, 19th, 20th, 21st, 22nd, 
34th, 36th, 39th, 46th, 58rd, 67th, 7l8t, 72nd, 73rd, 74th, 86th, 87fti, and 92nd. 
Each 4s. (3s.) 
Do. 14th, 56th, 61st, 70th, and 88th. Each 3s. (2«. 3d.) 

Hl^TOBI'ES^ SHORT, OF THB TEBBITOBIAIi BEOIUENTS OP THE 

BRITISH ARMY. 67 numbers, each Id, In one volume, 6s. (3s. 9d.) 
, Ditto. The Soots Guardc Id. (Id.) , ^ 

Ditto. The 6th (Inniskillingi Eragpons. Id. (Id.) 
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Section I.— RECONNAISSANCE. 

.1. The operations of an army in the field, often involve the 
passage of a river or similar obstacle at points where no bridge 
exists. As a rule some information about the obstacle is obtain- 
able from maps and reports prepared in peace, but such informa- 
tion should be checked and supplemented by further recon- 
naissance. 

The choice of the spot for effecting a crossing will usually be 
limited by tactical requirements, to which all other considerations 
must, as far as possible, give place. The first essential, therefore, 
is the issue of definite instructions by superior authority as to 
the tactical object of the reconnaissance. 

It is only when this is known, and when sufficient time has 
been allowed in which to carry it out, that the best sites for the 
passage can be selected, due regard being had to technical 
requirements and the materials available. 

2. From a tactical point of view, the reconnaissance should 
aim at obtaining information as to : — 

(1) The general nature of the obstacle and of the district 

through which it passes. 

(2) The available sites for a passage. 

(3) The accessibility of the sites on both sides of the obstacle. 

(4) The extent to which the ground on both sides lends 

itself to covering or disputing the passage. 

3. It will rarely be possible to find a spot which fulfils all the 
requirements of a good crossing place. Even if such a place 
existed, it is probable that the enemy would take special measures 
to oppose a crossing at that spot, and it might be advisable to 
select another site. This consideration should not, however, 
prevent the characteristics of a good crossing place being borne 
in mind. 

(b 11133) A 



EECONNAISSANCE. 



Part IIIa. 



In an advance the near bank should afiord cover for preparing 
the bridge, for which purpose a tributary stream is useful, and 
it should command the far side. The latter condition will 
generally be found to exist at a re-entering bend, which also 
enables a converging fire to be brought to bear on the opposite 
shore. The country on the far side should be open to allow 
of a rapid advance. The existence of tactical localities at a 
suitable distance from the point of passage to secure and cover 
the crossing will add to the value of the site. 

There should be no positions overlooking the selected point 
of passage which could be occupied by the enemy. In the 
case of a large river, any islands which would assist the operation 
will require consideration. 

In a retreat, the country on the side from which the withdrawal 
is being made should ofier facilities for defence, and should be 
such that the enemy is unable to fire on the point of passage. 

From the technical point of view particulars on the following 
matters are required : — 

(1) A section of the obstacle, showing the angle and height 

of the banks and the soil of which they consist. 

(2) The length and nature of the approaches required on 

both banks (see para. 5). 

(3) The nature and amount of materials available locally 

which are likely to be useful. 

If part of the obstacle be water : — 

(4) Whether it is tidal or not, and, if so, the amount of rise 

and fall. 

(5) Whether there are indications of floods and their extent. 

(6) The rate of the current. 

(7) The nature of the bed. 

(8) Whether the obstacle itself carries traffic. 

(9) Nature, depth and suitability of any tributary streams 

near the site selected. 
(10) Suitability of any islands as supports to the bridge. 



Passage of 
rivers. 



4. A river or similar obstacle may be crossed by fording ; on 
ice ; by using boats, rafts or flying bridges ; or by bridging. 

Each method has certain advantages and disadvantages, of 
which the principal are mentioned in the following sections : — 



(a) Fording. 
Fords. Advantages. — 

Saving of time in preparation and use. 
Practically no material required. 
Considerable chance of secrecy. 



Sec. I. RECONNAISSANCE. 3 

Disadvantages . — 

The possibility of the passage being interrupted by the 

rising of the stream. 
The chance of the depth being increased beyond permissible 

limits by the passage of the troops. 
The minor one of getting men and material wet. 
The very limited extent to which fords are available for 

mechanical transport. 

Fords are found more often in streams where the current is 
rapid than where it is slow, and in straight reaches rather than 
at bends. Rivers which are not fordable straight across may 
sometimes be found passable in a slanting direction between 
two bends, as at AB (PI. I, Fig. 1). In searching for a ford 
of this character the river should be entered at the point A, 
and a direction taken which wiU lead to B, the points A and B 
being equally distant from the bends. 

Paths or roads leading to a stream and at right angles to its 
course often lead to fords, and the continuation of the road or 
path on the other side of the stream should always be looked for. 

Fords are very often found just below weirs. 

A ford to be passable for infantry should not exceed 3 feet in 
depth ; for cavalry, 4 feet ; and for carriages contaiiung ammuni- 
tion, 2 feet 4 inches. When the current is very rapid a ford of 
less than these depths should be sought. 

The bottom of a ford should be firm and even. A sandy 
bottom is undesirable, as the sand gets stirred up, and the depth 
of water is thus increased. 

The upper and lower limits of a ford, at which a large force is 
to cross a stream, should be marked by large stakes driven into 
the bed, their heads being connected by stout ropes. The 
stakes should be marked at a height of 3 and 4 feet above the 
bottom, to show any rise in the water above the fordable depth. 

The bottom should be made as even as possible, any large 
stones being removed. If necessary the banks must be cut 
down to give easy slopes. 

(6) Crossing on Ice. 

Advantages.— Crossing on 

Little or no preparation or material required. 
Variety of crossing places. 
Chance of secrecy. 

Disadvantages . — 

Possibility of interruption of passage due to weather changes. 

Occasions may arise when it is possible to cross a stream 

on the ice. The actual route selected shoidd be free from large 

cracks and rotten ice, and the water must support the ice at all 

points. 
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Sound ice 3 inches thick will bear infantry at good intervals. 
>, >, 4 „ „ „ cavalry „ „ „ 

,, „ 6 „ „ „ field artillery. 

„ „ 12 „ „ „ any load that an army is 

likely to have with it. 

The route to be followed should be marked by .cairns or bushes 
put in holes on either side. Some sand' or earth, if obtainable, 
should be spread on the ice to improve the foothold ; where 
nothing else can be got, loose snow may be used. Where sledges 
are to cross, a roadway, free of sand, should be provided. 

An important point to be attended to is the edge of the ice. 
It will usually be advisable to make a shore bay of timber 10 or 
12 feet long fro the ground on to the ice on either side in order 
to avoid the edge. The ends of the road-bearers should be 
supported on planks in order to spread the load as much as 
possible. A short ramp of snow will be required from the shore 
bays on to the ice. 

During the passage of the troops a watch should be kept in 
order to detect the formation of cracks ; these are not of much 
importance, unless the water rises through them. Vehicles 
may be taken over ice, which would otherwise be too thin, by 
making their wheels run on planks laid lengthwise to spread 
the weight. 

When the temperature is very low, and time permits, the 
thickness of the ice may be increased : — 

(1) By covering the route with alternate layers of straw 

and branches, laid at right angles to each other, and 
watering them in order to freeze the whole into a com- 
pact mass. 

(2) By enclosing the roadway, between two rows of timbers, 

&c., pouring water between them and allowing it to 
freeze. 

(c) Boats, Rafts or Flying Bridges. 
Advantages. — 

Saving of time in preparation. 

Small amount of material required. 

In the case of boats and rafts, a larger margin of action, 

giving great chances of secrecy. 
Ability to pass over heavier loads than will usually be 
possible with bridges. 
Disadvantages . — 
Slowness in use. 

When there is insufficient material to make a bridge, when a 
ferry only is required, when time is a factor, or when equipment 
too heavy for an ordinary bridge has to be moved over water, 
rafts or flying bridges may be used for the personnel and equip- 
ment, while the horses are made to swim. 
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A raft can be made of pontoons, boats, barrels, timber, of 
inflated, skins or bladders, or of cases or frames of wood or wicker 
work covered with canvas, &c., and either fiUed with hay or 
left empty. 

It may be rowed, poled or hauled across the stream by a 
hawser ; but a raft is almost unmanageable in a rapid stream, 
imless made of pontoons or boats, and even then it requires 
skilful handling. 

A flying bridge consists of a boat or a raft of two piers, which 
is made to move across a stream by the force of the current 
acting obliquely against its side. Long, narrow, deep boats 
with vertical sides, to which lee boards can be attached, are most 
suitable for the purpose. Their use should generally be confined 
to straight reaches where the current is free from irregularities, 
and has a velocity of at least two miles an hour. 

If there is time and materials are available, horses can be 
made to cross attached to an endless rope. 

If possible, a place should be selected where the banks shelve 
and the bottom is hard on each side of the river. This is almost 
essential for the landing side. 

The materials required are a f-inch steel wire rope (endless 
ends joined by long splice), the minimum length of which 
should be equal to twice the width of the river plus about 
70 yards, pickets for holdfasts, four snatch blocks and a tackle. 
Collars of spun yam must be boimd round the wire "rope and 
fastened by passing the ends through the strands. These collars 
should be placed at central intervals of 2 feet 3 inches and extend 
for 6 inches each. They prevent the head ropes slipping and 
also serve as grips for the men hauling on the rope. When wire 
rope cannot be obtained a hemp one may be used, and 2-inch 
is a convenient size. 

A party of I officer and 35 men is sent across the river with 
two snatch blocks, pickets for two holdfasts, two mauls and one 
side of the endless rope. This is arranged as shown on PI. I, 
Kg. 2 ; 10 to 15 men are required on the starting side to work the 
rope and 4 men as lashers. Each horse having been stripped, 
except for head coUar and head rope, is fastened by one of the 
lashers — walking backwards — to the endless rope on the down 
stream side by means of a draw hitch made with the head rope 
(PI. I, Figs. 3 and 4), the length of which must not exiceed 18 inches 
when the horse has been secured. The horses should be tied 
on at intervals of three or four horse-lengths (8 to 10 yards), 
and care must be taken that the head rope is tight on the endless 
rope. On the landing side 25 men will be required to pull on the 
rope, which they should do hand over hand and as quickly as 
possible. Four men with clasp knives receive the horses, and 
must be ready to cut any head rope knot that jambs. Six men 
take the horses from the receivers and lead them away. 

If snatch blocks are not available more men wiU be needed, 
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and the horses should only be sent across two or three at 
a time. 

Care must be taken that the rope is kept as taut as possible 
and moving faster than the horses can swim, i.e., the rope must 
pull the horses and not vice versa. A good average pace is 
100 yards a minute. 



General 
classification 
of military 
bridges. 



(d) Bridging. — 
Advantages. — 

Greater rapidity in use than any other method. 

Disadvantages. — 

Large amount of material required. 
Slowness in preparation. 
Small chance of secrecy. 

In bridging operations a distinction must be drawn between 
the bridges used with the field army and those on the line of 
communications. In the former case rapidity will be of the first 
importance, and elaborate structures will be out of place. With 
the field army tactical requirements miast always be the chief 
consideration not only when deciding upon the locality where 
the river is to be crossed, but also in determining the design 
of the bridge. On the line of communications tactical considera- 
tions will have less weight and technical will gain in importance. 

In field operations it will often be necessary to select a site 
for a bridge where facilities for its defence are of primary import- 
ance. These conditions will generally be found to exist at a 
point where the river forms a salient towards one's own side. 
As a rule, however, a bend is not a good position for a bridge 
from a technical standpoint, for the depth is variable and the 
bank on the outer side of the salient is apt to be steep, while the 
opposite one is often low-lying and marshy, so that on both 
sides difficulty may be experienced in making the approaches. 

An army carries a certain amount of bridging material with 
it in the field. This material is intended for rapid bridging near 
the front, and whenever any of it is used it should be replaced 
as soon as possible by improvised material so that it may again 
be available. 

Speaking generally military bridging may be divided into three 
main classes : — 

I. Light bridges. — Bridges of the very , lightest description, 
only intended for very temporary use, and meant for 
the passage of men in small numbers only. 

Such bridges will most likely be required at the 
actual front itself or in close proximity to it. As a 
rule they would have to be made very rapidly and of 
improvised material. 
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II. Medium bridges. — Bridges capable of carrying men in 

fours, horses, field artillery and other similar loads. 

Such bridges will most likely be required behind 
the front but in the tactical field of operations. Where 
possible they would be constructed of the special bridging 
equipment carried by an army. 

III. Heavy bridges. — Bridges capable of carrying any • of 
the vehicles accompanying an army in the field. 

Such bridges will generally be required on the Une 
of communications. They may be constructed of the 
army bridging equipment, but this should be replaced 
as soon as possible by improvised material. 

In all three classes the principles of construction are the same, 
the only difference between them being in the size of material. 
It is therefore unnecessary to differentiate between the classes in 
the remainder of this book. For any particular bridge details of 
the technical requirements are given in subsequent sections. 

5. The _ approaches at both ends of a bridge or other crossing 
place are a matter of great importance. From a technical point 
of view the approaches to a bridge will very often be the deciding 
factor as regards its site. They must be so formed that all the 
traffic which the bridge is designed to carry can pass along them 
without difficulty. 

Easy access and a difficult exit are liable to cause crowding 
at the entrance to and on' a bridge, which may lead to accidents 
and delay. An easy exit is, therefore, essential. 

When possible the approaches should be in prolongation of 
the line of the bridge for at least 20 yards. If this is impossible 
the roadway should be widened considerably. If ramps on to 
the bridge are necessary their gradients should be easy and 
never .steeper than 1 in 7, while for animals slopes steeper than 
1 in 10 should be avoided. Where long wheel base vehicles 
with low bodies, such as motor cars, have to cross, if the angle 
between the ramp and the bridge is a salient one, it should be 
eased off. 
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Section II.— NATURE AND MEASUREMENT OF GAPS 
TO BE BRIDGED. 
Nature of 1. Gaps to be bridged wiU difier in their width and depth, 

gaps. yj -tiie nature and slope of their sides, in the fact of containing 

water or not, and in the depth and current of that water. 
Measurement 2. The site for the bridge having been selected, it is generally 
of gaps. necessary to measure the width of the gap, and if the bottom 

is to be used for supports to ascertain its section before com- 
mencing work. 

Direct measurement of the width of the gap by means of tape, 
wire or line gives the best result. Over water, boats or floats 
may be used to support a long line. If direct measurement 
is not practicable, resort must be had to a geometrical method 
{see "Military Engineering," Part I, para. 23 (jf) ). One of 
the simplest of these is shown on PI. II, Fig. 1. There AC is 
the line of proposed bridge. CD is laid out at right angles to AC, 
D being taken at any convenient distance. Then DE is laid 
out at right angles to AD and meets AC produced in E. 

CD X CD 

Then AC = — ™ , and AB, the width of gap, is obtained 

by deducting BC from AC. This method involves only the laying 
out of two right angles and the measurement of two lines. 

If the gap does not contain water the section can be obtained 
by direct measurement below an actual or visual line joining the 
two banks. If the gap contains water soundings must be taken. 
If the stream is not very wide or rapid a line marked at equi- 
distant points can be stretched across, and from each of the 
points the depth of water taken by means of a boathook or 
sounding line. 

Another method of using a sounding line is as follows : — 

Get one man across the water with the line B' (PL II, Fig. 2). 
Pass the sounding line C through the float A and attach the 
plummet D. Pay out the line B and haul on B', and take 
soundings every 5, 10 or 15 feet as required, getting the width 
of stream at the same time. The float lines BB' must be well 
stretched before they are marked off and used. 

In taking soundings haul the sounding line up smartly until 
the lead hits the float and then lower away sharply, measuring 
the length let out with a rod marked in feet and inches. This 
should be done two or three times for each sounding. 

If the current is very rapid it will be necessary to hold the 
ends of the lines BB' some distance up stream, so as to get the 
float on the section line. 

The sounding line must be fine and run very easily through 
the hole in the float. It should be kept on a fishing reel and be 
treated with the care given to a fishing line. A heavier lead 
will be required in deep and rapid water. 
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In a broad river with a strong current it may be necessary 
to take soundings from a boat, and to observe from the shore 
the points at which the party in the boat takes them. 

The foUowing method may be adopted : — Let AB be the 
line across a river on which a section is to be made (PI. II, Fig. 3) ; 
fix poles in line at A, B and H. Lay ofE a straight line BD at 
right angles (or nearly so) to AB ; select a point C on this line, 
so that BC is a convenient multiple of CD (say equal to twice 
CD) ; erect poles at C and D. Lay ofi from D the line DEF 
parallel to ABH ; erect a pole at E in prolongation of AC. 

If then a boat be moored at any point in the line AB, as K, 
an observer on the line DE (who moves so that the pole C shall 
always keep in the line with his own eye and some mark on the 
boat) win be at the point M. Drive a picket at M, then BK= 
2 DM. The sounder at K can signal to the observer on the line 
DE at what moment he wants the position of the boat fixed. 
Other points can be fixed in a similar manner. 

This method is not practicable when the banks of the river 
are steep or thickly wooded. In these cases the positions of the 
boat may be foimd by measuring a distance BC (which should 
be a multiple of 100 for convenience) at right angles to AB, 
and using a sextant and table of tangents. 

Occasions may arise in bridging streams when either there 
is no time to take soundings (as in rapid bridging with light 
materials) or the means of doing so are deficient. In such 
cases aU that can be done is to ascertain the approximate depth 
of the site for the next support from the last one placed in position 
by means of a pole (allowing for the slope), and adjust the height 
of the support after it is in position. 

To measure the velocity of a stream, the simplest plan is 
to use a light deal rod, weighted so as to float nearly vertically 
with its tip above water. Note the distance it floats in a given 
number of seconds ; then -^ the mean number of feet a second 
gives the number of miles an hour, in which terms the velocity 
should be stated. 

Classification of Bridges.* 

3, The type of bridge to be used will depend on the nature 
of the gap and the material available. The various kinds of 
bridges in use may be divided into three classes as follows : — 

I. Bridges without intermediate support. 
Simple beams can be used for gaps up to about 25 feet. 
Trussed beams ,, ,, ,, „ 30 ,, 

Frame bridges „ „ „ „ 45 „ 

Girders „ „ „ „ 60 „ 

* All the bridges referred to are for road traffic. Eailwaj bridges in the 
field are almost invariably simple beams on fixed supports, and are dealt 
with in Section XII of Part III, B. 
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Tension bridges can be used for gaps up to about 80 feet. 
Cantilever bridges „ „ ,, „ 120 ,, 

Suspension bridges „ „ „ „ 300 „ 

The nature of bridge to be made use of in any particular case 
wiU vary according to the width of the gap and the material 
available. 

In the field it is very unlikely that any of the above bridges 
would be constructed vrith. a longer span than 300 feet. 

II. Bridges provided with intermediate supports. 
By the use of supports the length of bridge is only limited 
by the amount of material available, and is not dependent upon 
the nature of the bridge. The built-up supports may be of many 
difierent kinds — heaps of stones, pieces of timber laid horizontally 
(cribs) or placed vertically resting on the bottom (trestles) or 
driven into the bottom (piles), &c. 

III. Bridges resting on floating supports. 
For military purposes, where time is an important factor, 
and where the materials available are limited, the usual form 
of bridge will be the simple beam supported on floating or fijKed 
piers of all sorts. All the other forms of bridge take time or 
require special material, and their use will, as a rule, be confined 
to the line of communications. 



Transoms. 



Parts common to all Bridges. 

4. The portion of a bridge between two points of support is 
termed a " bay." A bridge may, therefore, consist of one or 
more bays. 

The points of support vary according to the type of bridge, 
but on the top of each there is a member, usually a timber baulk, 
called a transom (in pontoon equipment or boat piers a saddle), 
which forms the support for the ends of the road-bearers. 

At the ends of the bridge something firm must be pro- 
vided for the road-bearers to rest on, e.g., the top of a retaining 
wall. If nothing" like this exists a shore transom (PI. Ill, Fig. 1) 
should be used for the purpose well bedded in the ground, at a 
sufficient distance from the edge of the gap to prevent the earth 
breaking away imder the pressure. This distance will vary 
according to the nature of the soil from 1 foot to about 6 feet. 
Road-bearere. The road-bearers (in pontoon equipment and floating bridges 
baulks) consist of a number of longitudinal members, on which 
the flooring of the bridge is carried. 

The number of road-bearers wiU vary according to their 
strength (Sees. Ill and IV). They are usually spaced evenly 
over the width of the roadway, but in narrow bridges and those 
intended for very heavy traffic {e.g., traction engines) it may be 
advisable to group most of them under the wheel tracks. 
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In almost all bridges the road-bearers of adjoining bays will 
overlap on tke transom. They should be from 1 foot to 3 feet 
longer than the bay. In order to keep the bridge uniform they 
should be arranged in one of the methods shown on PI. Ill, Figs. 4 
and 5. When round spars are used, care must be taken that the 
ends of road-bearers on any transom are either all butts or all 
tips. 

The best way to fasten the road-bearers to the transom is 
with bolts, spikes or nails. In any case, the outer road-bearers 
must be fastened, and it is advisable to fasten all. Lashings 
of wire or cordage may also be used. 

The flooring of a bridge is generally made of wooden planks. Flooring. 
Those supphed for the bridging equipment are termed chesses. 
These planks or chesses are placed across the hne of the bridge, 
resting on the road-bearers. 

They should be from 12 to 18 inches longer than the width 
of the roadway. If those available are longer than is necessary, 
cutting may be avoided by laying them diagonally. The best 
way to fix the planks is to nail them down to the road-bearers. 
As a rule it wiU be sufficient to nail them to the outside road- 
bearers only, but if they are warped intermediate nails will be 
required. 

Another method of fixing the planks is to keep the ends firmly 
pressed down on the outer road-bearers by placing ribands 
over them and racking the outer road-bearers and ribands together, 
as described in Sec. VII of Part III, B. This should be done at 
intervals of about 5 feet, and at these points the planks should 
be notched by cutting away a piece of the corner about 1^ inches 
wide and 10 inches long. This notch is made to allow a rack 
lashing to be passed down inside the riband. In the pontoon 
equipment every chess is notched. 

Another method of holding down the ribands and planks is 
to make fast a rope or wire to the road-bearer, and lash the. 
riband and road-bearer together diagonally (PI III, Fig. 3). 
This requires every plank to be notched. 

If only thin planks are obtainable it wiU be advantageous to 
nail planks longitudinally to the flooring in the wheel tracks. 
These will spread the load and save wear on the cross planks. 

In laying planks each man of the carrying party brings up a 
plank at a time, under the right arm, keeping the rear end well 
down, and advances by the right side of the bridge ; when at 
the end of the finished part, he wheels to the left, bringing the 
plank across the bridge, and hands it to two men who stand 
on the outer road-bearers facing the shore, who lay it down 
on the road-bearers. The men who have brought up the planks 
pass ofE the bridge by the left, so as to avoid meeting those coming 

Tip- 

If material is available the flooring should be continued for a 

short distance on the banks at each end of the bridges in order 



12 



NATURE AND MEASUREMENT OF GAPS. PaRT IIIa. 



to accustom horses to tte noise, and to prevent the ground 
being cut up. Straw or rushes, in the absence of sawdust, moss 
litter, &c., may be spread to prevent shpping and deaden noise. 
If earth is used it should not be less than 3 inches thick, and 
allowance must be made in calculations for its weight. 
Wheel- •'^t ^^^ edges of the flooring of the bridge wheel-guides should be 

guides. fixed consisting of baulks of timber varying from 6 inches to 

1 foot high, according to the heaviness of the vehicles expected 
on the bridge. With a narrow roadway high wheel-guides should 
be used. The ends of the wheel-guides should not overlap, 
they should either butt or be halved into each other. In the 
pontoon equipment and in other bridges formed similarly these 
wheel-guides also serve to keep the flooring in position, and they 
are then termed ribands. 
Handrails. A bridge should generally be provided with handrails on both 

sides. 

They should be about 3 feet above the roadway, and may 
consist of light spars or ropes fastened to uprights fixed to the 
points of support or to other portions of the bridge. 

In the case of a bridge over a deep gap or over rushing water, 
screens of canvas or branches about 6 feet high should be fastened 
to the handrails to prevent animals crossing the bridge becoming 
frightened. 



Camber. 

Camter. In order to allow for settlement in the connections of field 

bridges and to check progress on to a bridge as well as to facilitate 
exit from it, it is advisable to make the centre of a bridge higher 
than the ends, or in other words, to give camber. 

The allowance to be made is obtained by giving a rise of 1 in 
30 for about 30 feet from each end of a bridge where the banks 
are at the same level. In the case of a suspension bridge the rise 
should be continued up to the centre of the span. 



Ruling Dimensions. 

Width of 5. The width, of roadway in the clear, i.e., between the ribands, 

roadway, ^j^o^ld be as foUows :— 

IJ feet to 3 feet for infantry in single file. 

(infantry in file. 
6 ,, minimum ,, •< cavalry in single file. 

(military carriages drawn over by hand. 

(infantry in fours. 
8 „ „ „ -jcavalry in half sections. 

(military carriages, fully horsed. 
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{infantry in fours, 
cavalry in half sections, 
military carriages, fully horsed. 
10 „ „ „ ditto, if mounted orderlies, &c., are 

reqiured to return while the 
column is passing. 
16 ,, „ „ double roadway for columns to pass 

one another. 

Since parts of wagons project beyond the wheel tracks width 
(Table B, p. 26) the width between handrails is usually a foot between 
or two more than that of the roadway in the clear. For loaded liandrails. 
camels the minimum width between handrails is 10 feet and 
for elephants 12 feet. 

When the bridge is narrow, wheel-guides should be fixed 
5 feet 6 inches apart to assist in drawing guns, &c., over by hand. 

The headway for ordinary military bridges should not be Headway, 
less than 9 feet for military wagons or for cavalry ; and it should 
be increased to 11 feet for camels and to 15 feet for elephants. 
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The detailed 
deeign of 
military 
bridges. 



Calculations. 



Loads and 
their effect. 



Classification 
of loads. 



Live and 
dead loads. 



Section III— LOADS ON MILITARY BRIDGES AND 
STRESSES PRODUCED THEREBY. 

1. After a decision tas been reached as to the type of bridge 
to be used, the next question that arises is what are the necessary 
dimensions of its various members, so that they may be capable 
of supporting the loads that may come on them, without being 
unnecessarily strong. 

For this purpose it is necessary to know— 
i. The loads that may be brought to bear on the bridge 

and the efiect of those loads, 
ii. The strength of the various members of the bridge, 
taking into consideration not only the materials of 
which they are composed but also the form in which 
those materials are used. 

The present section is devoted to the first of these considera- 
tions. The second will be dealt with in Sec. IV. 

Calculations, in some form or other, are inevitable in this 
branch of milit ary engineering. They may frequently be re- 
placed by experience, but this experience itself is based on 
previous results obtained by their means. 

2. It is very important at the outset to note the difierence 
between the actual loads on the bridge and the efiect produced 
by those loads on the members of the bridge. 

The load consists of certain weights that can be measured 
and expressed in units of weight such as pounds, hundredweights 
or tons. 

The efiect of these weights is to set up certain internal forces 
or stresses in the members of the bridge. These stresses can 
also be expressed in units of weight, but generally speaking the 
most important point about them is their intensity, that is to 
say, the number of units of weight per unit of area. The word 
" intensity " is commonly omitted, and the stresses are spoken 
of as so many pounds or tons per square inch, or tons per square 
foot, and so forth. 

3. The loads that a military bridge may have to support are 
divisible into three classes : — 

(1) The weight of the bridge itself. 

(2) The weight of any material, not essential to the stability 

of the bridge, but introduced for convenience, such as 
sand spread to deaden the noise of animals' feet. 

(3) The weight of the traffic, which may consist of men, 

horses, guns and wagons. 

4. An examination of the above loads shows that they fall 
under one of two heads : — 

(1) Dead loads. 

(2) Live loads. 
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This is a most important distinction, as weight for weight 
live loads bring a greater stress on the members of the bridge, 
owing to the vibrations and shocks set up by their sudden impact, 
and are consequently more injurious to the stability of the 
structure. 

It is therefore usual in calculations to multiply the live loads 
by some factor, to convert them to what is called their " equiva- 
lent dead load." For field structures this factor is generally 
taken as 3:2. For example, that a ton of men moving across 
a bridge will bring as injurious an amount of stress upon the 
members of that bridge as a ton and a-half of some material, such 
as sand, lying quietly upon it. 

When the load is liable to be applied very suddenly, as, for 
instance, to the planks of the roadway of bridges, and also in 
the case of certain loads moving rapidly, such as trains, or whose 
own moving parts may not be well balanced, such as traction 
engines, it is better practice to take this factor as 2. 

5. Another point to be noted is the arrangement of the loads Distributed 
upon the bridge. The loads can be either — and coneen- 

(1) Distributed uniformly along its length, or a portion of ™ ^ "" ' 

its length. 

(2) Concentrated at one or more places. 

The meaning of this classification will be more apparent if Illustration. 
it is considered how the various members of a bridge are in- 
fluenced by the loads passing over it. The width 'of a wheel 
tyre or the width of a man's or animal's foot is small in com- 
parison with the span of the chesses from one road-bearer to 
another. In this case it is better, therefore, to consider the load 
as a concentrated one. The load is transmitted to the road- 
bearers by the chesses, and thus, if the roadway of the bridge 
is covered with men, the load on the road-bearers is a distributed 
one, as every chess is loaded. If, however, a gun is passing 
over the bridge the wheels at any given moment are only sup- 
ported by one chess, and the load on the road-bearers is a con- 
centrated one. Finally, the load is transmitted to the transom 
by the road-bearers ; and no matter how the latter are loaded, 
they are always distributed along the transom, and thus the 
load on the transom may be taken as a distributed one. 

6. It should be noted that the amounts of the loads to be Modes of 
carried by the bridge can be expressed in three difierent ways : — expressing 

(1) The actual total weight. 

(2) The load per linear dimension of the bridge. ' 

(3) The load per superficial dimension of bridge surface. 

7. The numerical values of certain loads that may be expected Numerical 
on military bridges must now be coiisidered. It wiU be con- values, 
venient to take them in the order of the original classification. 

In calculating the dimensions of a member of a bridge it is Superstruc- 
necessary to take into account the weights of any other members *"re. 
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that it supports in addition to its own weight. To do this, 
an estimate of the weight must be made from the actual sizes 
of material that previous experience shows likely to be necessary. 
It is not sufficient to allow so much per foot run to cover this 
weight. 

In the case of timber bridges, the weight of square scantlings 
can easily be worked out. For tapering spars of round section, 
the chart given in PI. XV can be referred to. 

An approximate rule for the cubic contents of a round spar 
is as follows : — 

Cubic contents = j (D"- + Dd + d'') 

Where L is the length of the spar, and D and d the diameters 
of the two ends. 

The weight of superstructure will always be a dead load, 
and, in the majority of cases, distributed also. 

Roadway The load brought on bridges by any covering on the roadway 

coverings. will depend on the material used and its depth, and will always 
be a dead, and also a distributed, load. 

Traffic loads. The following paragraphs and tables give the maximum 
weights that can be brought on a bridge by the passage of troops 
and vehicles of various kinds : — 

These loads are all live loads. Whether they should be treated 
as distributed or concentrated depends on their distance apart 
compared to the length of the bridge member under calculation. 
In general, however, infantry and cavalry are treated as dis- 
tributed and guns and vehicles as a succession of concentrated 
loads. In the case of guns and vehicles it may be necessary 
to consider the weight of the horses by which they are drawn and 
also those of the gim or vehicle immediately behind them. 

Infantry. The weight of infantry in marching order, assuming they are 

crowded at a check to the greatest extent possible, short of 
losing their formation, can be taken as follows : — 

Single file 140 lbs., or 1 J cwts. per foot run. 

File 280 „ 2| 

Fours 560 „ 5 

Infantry in marching order average 200 lbs. per man. 
„ unarmed „ 160 „ „ 

When infantry lose their formation and crowd together in a 
disorganized mass they may bring the following weight on 
the bridge surface : — 

In marching order 133 lbs. per square foot. 

When unarmed 175 ,, ,, „ 

Caralry. The weight of cavalr^ in marching order can be taken as 

follows : — 

Single file 200 lbs., or IJ cwts. per foot run. 

Half sections ... 400 „ „ 3i „ 
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A cavalryman and Ms horse in marching order average about 
1,400 lbs. About' three-fifths of this is borne on the fore legs. 
It must therefore be assumed that a weight of about 850 lbs. 
can be brought on to one foot of a cavalryman's horse. 

Cavalry in a disorganized mass Weigh about 120 lbs. per square 
foot. 

The weights brought on bridges by various animals, intended Animals, 
for draught, pack and commissariat purposes, are shown in 
Table A (p. 25). 

The weights of guns and other vehicles are given in Table B Guns and 
(p. 25). Unless otherwise stated, it is assumed that they are vehicles. 
loaded to their maximum capacity. 

8. In considering the efiects of the various loads on the bridge Effect of 
members, a distinction must be made between — loads. 

(a) The stresses, that is the forces set up in these members 

by the loads. 

(b) The strain, that is the efiect of the stresses on the 

materials of the member, which always consists of some 
kind of deformation. 

Up to a certain limit this deformation is temporary, and dis- 
appears when the load is removed. Above this limit part of 
it becomes permanent, and the failure of the material is the 
final result. 

9. There are three kinds of simple stress : — Stresses and 

(1) Tension or fulling. — The loads act outwards along the 

axis of the piece of material, giving rise to a tensile 
stress on any cross-section normal to the axis. The 
corresponding strain is an extension of the material. 

(2) Compression or thrusting. — The line of action of the loads 

is the same as for tension, but they tend towards, 
instead of away from, each other, giving rise to a stress 
that compels the particles into closer union. The 
corresponding strain is a shortening of the material. 

(3) Simple shear. — The loads act parallel to each other in 

opposite directions, tending to cause the two portions 
of the material to slide one upon the other. The corre- 
sponding strain is a distortion of the material. Torsion 
is the particular case of shear stress that occurs when 
a piece of material is twisted. The efiect is to cause 
any two adjacent normal sections to revolve relatively 
to one another. The strain in this case is measured 
by the angle of rotation of one end of the material 
with respect to the other. 

These three simple stresses may be combined with one another 
to form compound stresses : — 

(4) Bending or transverse stress. — The load is applied in such 

a Way that it causes a piece of material to bend. Here 

(b 11133) B 
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MeaBiirement 
of stress 
intensity. 

TTniform 
stresses. 



Eccentric 
loads. 



the bending action of tte Ipad results in a curving^ of 
tlie beam, the material on the convex side being 
lengthened and put into tension ; that on the concave 
side is put into compression. Shearing stresses are 
also set up. The corresponding strain is a deflection, 
measured by its amount in a direction at right angles 
to the axis. 
(5) Buckling stress. — The load is applied inwards along the 
axis of the piece of material, whose dimension in this 
direction is long in comparison with its cross -section, 
thus causing the bar to bend sideways. The corre- 
sponding strain is lateral deflection. 

10. In the case of simple stresses their intensity is measured by 
the number of units of force per unit of area. Compound stresses 
must be analyzed into their component simple stresses, and 
the intensity of these measured in the same way. 

11. When the load acts in such a way that the intensity of 
stress is the same at all points of the sectional area considered, it 
is said to be imiform. In such a case the intensity of stress is — 

Where P is the total force, A the area of the section considered, 
and / the intensity of the stress. This applies to simple 
tension, compression and shear. 

12. The load may be applied in such a way that the intensity 
of the stress is not the same at all points of the area. For 
instance, if the pull in a tie bar is applied in a line that lies 
outside the geometrical axis of the bar, the intensity of the 
tension on a section at right angles to the axis is not the same 
at all points. In such a case the foregoing equation only serves 
to give the average intensity of stress. 

In field structures the tension members are usually such that 
the load is applied to them symmetrically ; but in the case of 
compression members the load is, as often as not, applied eccen- 
tiicaUy, as for example, the legs of a lashed spar trestle. 

When the amount of the eccentricity of the loading is known, 
its efiect on the distribution of stress intensity can be seen from 
Table C (p. 30). The sections considered are solid round and 
rectangular only. The first column shows the amount of the 
eccentricity, that is, the ratio of the distance from the centre of the 
section to the point of application of the load, to the diameter of 
the circle, or the side of the rectangle (parallel to the displacement) 
respectively. The second and third columns show the per- 
centage excess of the maximum over the mean stress in round 
and rectangular sections respectively. 

This table shows the necessity of designing structures so that 
the stresses may be as uniform as possible, as it is the maximum 
intensity of stress that determines its ultimate strength. 
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13. Members of field structures subjected to transverse stress Transrerse 
can be grouped as follows : — stress. 

(1) Cantikvers. —Vix.ei at one end, unsupported at the 

otter. 

(2) Beams. — Supported at each. end. 

(3) „ Fixed at one end, supported at the other. 

(4) ,, Fixed at each end. 

Field structures, as a rule, are not concerned with the two 
latter groups. Generally speaking the efiect of a load on a 
fixed beam has not so great a maximum as when acting on a beam 
that is supported only, and as it is difilcult to ensure thorough 
fixation, it is generally more conservative practice to treat all 
beams in field structures as supported only. 

The efiect of a load applied so as to cause transverse stress 
on a piece of material is to cause, at any ideal section, a tendency 
for the one portion to rotate relatively to the other, in addition 
to certain shearing forces. This tendency is resisted by the 
stresses of tension and compression set up across that section. 
As no rotation takes place, the moment of these stresses must be 
equal to the bending moment produced by the external forces. 

In field structures it is not, as a rule, necessary to consider 
the shearing force exerted upon a beam transversely loaded. 
As wiU be seen, when the strength of materials is considered, the 
solid sections usually employed, if capable of withstanding the 
transverse stress, will be more than sufficient to stand the shear. 

14. The bending moment at any section of a piece of material Beuaing 
transversely loaded, due to the external forces, is the algebraic moment, 
sum of the moments of the forces on either side of that section, 

that is to say, of the reaction at either support and the loads 
between that support and the section in question. 

The bending moment at any section is usually denoted by 
the symbol, M/. 

In field structures the cross-section of the members under Maximum 
transverse stress is, almost without exception, practically in- moment. 
variable. It is sufficient, therefore, to know the value of the 
bending moment at the section where it is a' maximum. This 
value is generally represented by the symbol M^. Its value 
and position in the cases that commonly arise in practice are 
as shown in Table D (p. 30) (PI. IX). 

In other cases, such as two or more concentrated loads, or a 
distributed load over a portion of the span only, the value and 
position of the M^ must be worked out by finding the M/ at 
any section, and finding the position of the section giving the 
maximum value by some suitable method. 

It has been assumed so far that the cantilever or beam is loaded MoTing loads. 
in some definite manner with one or more concentrated or dis- 
tributed loads. In the case of certain members the total load 
consists of a series of component loads, as a ride kept at fixed 
(b 11133) B 2 
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distances apart, crossing the structure, as, for instance, a team 
or torses drawing a limber and gun behind them. At any given 
instant the position of all these various loads is known, and 
the value and position of the M/f can be found. But this value 
and position are constantly changing as the total arrangement 
of loads passes across the structure. It is therefore necessary 
to find out the value and position of the greatest value of the 
Mff, or the M^ as it is written. 

In the more simple field structures its position is not of much 
importance, as it has been stated before that the section of the 
member can be considered invariable. In the case of girder 
bridges its position is of importance. 

When the load is taken as distributed the maximum bending 
moment occurs when the whole span is loaded, and this case 
therefore falls under the rules already given. 

In military bridges, where such members as a rule are not 
very long, it is usual to treat the load of a column of infantry 
or cavalry as a distributed load, but to deal with guns or vehicles 
as a series of concentrated loads. 

The case of a series of concentrated loads will only be con- 
sidered as regards supported beams, as such an arrangement 
of loads is obviously not likely to be directly moving along a 
cantilever, and fixed beams are excluded for the reasons already 
given. 
One load. When there is one concentrated load moving across a span, 

the M.fff occurs under that load when it arrives at the centre 
of the span. Its value can then be found by the previous rules. 
Two loads. The case of two concentrated loads can be stated as follows : — 

When the ratio K of the dista nce apa rt of the loads to the span 
exceeds the value R + 1 — ■^R^ + R where R is the ratio of the 
heavier to the other load, the Mfff will occur under the heavier 
load when it arrives at the centre of the span. The value of 
K varies from nearly "59 when the two loads are equal to "50 
when one is infinitely greater than the other ; it will be seen 
therefore that in all cases the other weight will be off the span 
when the heavier is at the centre, and thus the value of the M/sy 
can be found by' the previous rules. The determination of this 
critical value for the span can be read from PI. IV. 

In other cases the 'Mjff will occur under the heavier load when 
it and the centre of gravity of the two loads are at equal distances 
from the respective supports. The position of the loads being 
known, its value can be worked out by the usual rules, or can 
be taken from the following expression : — 

M/// = S um of the loads f distance of heavier load^^ 
span \ from nearer support / 

Three or more When the Series consists of three or more concentrated loads 

loidB. it is not possible to give such a simple solution as when there 

are only two. It does not necessarily happen that the M-fff will 
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occur under the heaviest load, though it must be under some load. 
The problem entirely depends on the mutual proportions of the 
several loads and their respective distances apart, but the general 
case of n loads on a supported beam is given on p. 24. 

The M^' produced on the road-bearers of bridges whose spans Eesults. 
vary from 4 feet to 30 feet, by those combinations of moving 
loads that might more commonly be met with on military bridges, 
and that are Ukely to have a predominating influence on the size 
of the road-bearers, are given in Pis. V, VI, VII and VIII. In 
these results the average loads produced by horses of the stamp 
employed have been taken into account, and it has been assumed 
in every case that a gun or vehicle is followed as closely as 
possible by the horses of other vehicles. The live loads produced 
by these various vehicles are converted to equivalent dead loads 
by multiplication by the factor 3 : 2, except in the case of the 
traction engines and lorries, where this factor is taken as 2, to 
aUow for a possible want of balance of the moving parts. All 
wagons have been assumed to be loaded to their maximum 
capacity, and in all cases the additional bending moment produced 
by an appropriate roadway has also been calculated and added 
to the result shown. 

In railway bridges, although the Weight of the locomotive Equivalent 
and train is brought on to the span as a series of concentrated distributed 
loads, it is frequently assumed, for purposes of calculation, 
that the total load is equivalent to a distributed load over the 
whole span. The value of this distributed load depends on 
the length of the span and the weight of the locomotive, but the 
amounts that would cover the heaviest locomotives to be found 
on any standard lines in this country are given in Sec. XIII of 
Part IIIb. 

15. It is very important in all calculations of the bending moment Cnits. 
to see that the same units ar» used from beginning to end. 
Thus, if W is in pounds and L in feet, the bending moment will 
be in foot-pounds ; while if W is in tons and L in inches, the 
moment will be in inch-tons. 

A very common unit for the moment is in inch-pounds. In 
this case a distributed load given as so many pounds per foot 
run must be reduced to pounds per inch run before the moment 
can be expressed in these units. For instance, the Mjf produced 
by a superstructure weighing 80 lbs. per foot run over a 10 feet 

/ ... ttjii" \ 
6 inches span of a supported beam is not / substituting in — q— ) 

«^^^|^^inch-lbs. 



but is 



g X (126F . 

— inch-lbs. 

8 
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Graphical 
methods. 



Illustrations 



16. It is to be noticed tliat the bending moments depend upon tte 
arrangement of tte total load and upon the length of the span, 
but that they are not dependent in any way upon the material 
of the beam. 

It should also be noticed that a single concentrated load at 
the centre of a supported beam brings exactly twice the M/^- 
upon that beam, as the same total load uniformly distributed 
over the span. Great care must be taken not to make any 
confusion between these facts, the reason for which will be obvious 
if the methods for calculating the respective bending moments 
are inspected, and the arbitrary aUowance made to convert a 
live load into an equivalent dead load. 

17. The stresses produced in the various members of a structure 
can often be obtained conveniently by graphical methods. These 
graphical determinations are based on the principle of the 
parallelogram of forces, and its corollary the polygon of forces. 

A few simple illustrations are as follows : — 

(a) In order to determine the stress on the leading block 
of a derrick heeled over at 3 : 1 and raising a given 
weight, draw a line diagram of the derrick at the proper 
slope (PL XI, Fig. 1). If ABC represents the fall 
passing through the leading block at B, the tension 
in the lashing is caused by the tensions in AB and BC. 
These will not be equal, owing to the friction in the 
leading block, but instead AB will be somewhat the 
smaller. 

The actual stresses may be calculated by the formula 
on page 92. These values are laid ofi at a convenient 
scale along AB and BC. Then, if the parallelogram 
ABCD be completed, the Hne BD will give the stress 
in the snatch block lashing at the same scale as regards 
magnitude and also in direction. 

Fig. 2 shows how the stress is increased when the 
running end of the fall is carried in the direction of 
heel. 

(6) In Fig. 3 AB represents the side elevation of sheers 
at a heel of -f, and AC the back guy, drawn at the 
proper slope. From A drop a perpendicular AW, 
and make AD, at any convenient scale, represent 
the weight lifted ; complete the parallelogram ADFE. 
Then AE, measured at the same scale, represents the 
tension in the back guy, and AF represents the thrust 
in the sheers due to the weight. Fig. 4 shows a front 
elevation of the sheers. From A draw AF vertically 
downwards, making it equal to the distance AF obtained 
in Fig. 3 ; complete the parallelogram AHFG. Then 
AH and AG represent the thrust in the respective legs, 
due to the weight. 
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(c) Fig. 5 shows a line diagram to scale of the side elevation 
of a tension bridge without struts. AB is the back 
tie, BC the vertical frame, D, E, F, the transoms, and 
T,, T2, Ta, the ties. Calculate the maximum load on 
each transom, including superstructure, and divide by 
two, as each transom is supported by two ties. Draw 
lines vertically downwards from D and E and upwards 
from P. On these lines lay off the loads found as 
above, and complete the respective parallelograms, 
which then give the tension in each tie and the com- 
pression in the outer road-bearers. It must be noticed 
that the tension found in the road-bearers DB must 
be added to that found in CD, to give the total com- 
pressive stress in CD. Fig. 6 shows the respective 
tensions in the ties laid off along the lines representing 
these members from B. From the end of the line 
representing the tension in Ti, draw U parallel to T2 
and equal to the tension in that tie, and similarly from 
the end of this line for the tension in T3. If B be 
joined to the end of this last line it will represent the 
resultant of all the tensions in direction and magnitude. 
To ensure a direct vertical thrust on BC the angle ABC 
should equal the angle RBC. If this be the case, and 
BG be made equal to BR, the diagonal of the parallelo- 
gram RBGH will give the thrust in each leg. 

{d) Fig. 7 shows how an oblique stress can be resolved into 
one component acting transversely to the axis of the 
beam, and another in the direction of its length. 

Graphical methods of a similar nature can be employed to find 
the stresses in the various members of a girder. 
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General Case of n Loads on a Supported Beam. 

Let W,, W. W,; W„ be 

the n loads, and let Aj, Aj 

A;, A„ be the respective dis- 
tances of the loads from, say, 
the left hand load ; A^^ is, of 
course, equal to zero. Let x be 
the distance of the left hand 
load from the left hand support, 
and let L be the length of the" 
span, as in figure below. 

Then the bending moment 
under the p"» load, Wp, will be 
greatest when 

_ 1 /t ^'"WA ^ 




and will then be 



S,»W 



{ 



. 2,»WA , , U 



4L 

+ 2,i'-'WA - Aj,-S.,p-'W 

To use these formuTse, select 
some load, usually the greatest, 
and some appropriate portion 
of the series. Calculate the 
position giving the M/^ and 
inspect it to see that none of 
the loads in the selected posi- 
tion are off the span, and that 
none, not in the selected por- 
tion, are on it. If either of 
these prove to be the case, 
the selected portion must be 
amended. Then calculate the 
value of the Mff/. This de- 
termination must be made for 
as many selected loads and 
portions of the series as may 
be necessary, and the greatest 
value of the Mjjy finally chosen. 
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Table 0. — Effect 


OF Eccentric Loading. 




Percentage excess 


of maximum stress 




Ratio of 


over average stress intensity. 


Remarks. 


displacement. 














Round section. 


Rectangular section. 













At centre. 


005 


40 


30 




01 


80 


60 




0-2 


160 


120 




0-3 


240 


180 




0-4 


320 


240 




0-5 


400 


800 


At circumference 
or edge. 



Table D. — Maximum Bending Moment. 



Member. 


How loaded. 


Talue of M^. 


Position of M.//. 


Cantilerer 

Ditto 
Supported beam... 

Ditto 


Concentrated load 
at end 

Distributed load 

Concentrated load 
at centre 

Distributed load 


WL 

WL toL2 

2 2 ■ 

WL 

4 

WL wL2 

8 8 


At point of fixing. 

Ditto. 
At centre. 

Ditto. 



The length of the cantilever or beam is taken as L and the 
total load aa W. 

In the case of distributed loads W = wL, where w is the load 
per unit of length. 
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Section IV.— MATERIALS. 

1. The stresses produced in a piece of material by the external Balance of 
loads acting upon it must be exactly balanced, up to the point f eternal and 
where failure occurs, by stresses due to the alteration in the ^^g^^^g 
mutual arrangement of the particles of the material. These 

stresses must balance one another, not only in their total amounts 
but also in their intensities at any point. The visible effect of 
this alteration in the material is known as the strain, referred 
to in para. 9, Sec. III. Up to the elastic limit of the material the 
strain is proportional to the stress. Beyond this limit this relation 
ceases to be true, the strain of the material becomes partially 
permanent, and if the stress is further increased failure ensues. 

If more than a certain amount of stress intensity is applied Breaking 
to any piece of material, that material wiU fail in a manner stresses. 
dependent upon the nature of the stress and the material. 
For the same material, and the same form of stress, this 
intensity will have approximately the same value. Such 
intensity is called the breaking stress for the material in 
question. It is obviously undesirable to load structures until 
the stresses in their members approach this limit. In fact, 
the stresses should be kept so low that the strain in the material 
does not become of a permanent nature — in other words, the 
strain should be kept below the elastic limit. To ensure this, 
and also to allow for variations in the properties of any par- 
ticular piece of material, the stress to which it is subjected should 
only be a fraction of the average breaking stress of the material 
under consideration. 

2. This ratio of the breaking or ultimate stress to the working Factor of 
stress that it is proposed to employ is called the factor of safety. 
safety. The general principle adopted, therefore, in calculating 

the strength of materials for field structures, is as follows : — 
The average stress that causes the material under discussion to 
fail, whether tension, compression or shear, is known either from 
tabulated results or by direct experiment. Some fraction of this 
is adopted as the limit up to which it is thought the material 
may be stressed with safety. The total stress that will be brought 
on the material by the proposed loading is then calculated, and 
the dimensions of the piece of material so chosen that the 
maximum intensity of the stress shall not exceed this limit. The 
value to be given to this factor of safety depends upon — 

(a) The permanence of the work. For hasty field structures 

it is allowable to use a smaller factor than for more 
permanent work. 

(b) The liability of the material, as regards any particular 

portion, to differ from the average, in its elastic limit 
and ultimate strength. For materials with a large 
possible range of strength the factor of safety, which 
operates on the average, must necessarily be greater 
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Part III a 



Tension 
members. 



Expression 
of stress 
intensities. 



(c) The ratio of the stress intensity that produces a per- 

manent set in any given material to the intensity that 
causes failure. 

(d) The nature of the stresses, whether constant, variable 

or alternating, simple or compound. The ultimate 
limit for alternating stresses is about 30 per cent, or 
40 per cent, of the ultimate statical limit. Thus if a 
factor of safety of 3 is considered sufficient for a 
steady load, a factor of 8 or 9 would be required for 
an alternating stress. 

(e) The possibility of a diminution of section by corrosion. 
(/) The skill of the workmen who will be employed in the 

construction. 

The value of the factor of safety should never be less than those 
given below, and should always be increased if the material 
is not absolutely sound or if, as in a bridge, it is subjected to 
stresses which are frequently recurrent or applied for a con- 
siderable period, or if the material is used under any other un- 
favourable conditions : — 



Unselected wood (dry) 
Selected wood (dry) ... 

Cast iron 

Wrought iron 

Steel 

Rope (hemp or wire) . . . 



3 
2 
3 
2 
2 
3 



Compression 
members. 



3. When the forces acting on the members of a structure are such 
as to produce a stress of tension, the dimensions of those members 
can be very easily calculated. The Working stress of the material 
having been decided upon, the dimensions of the member can 
be so chosen as to keep the intensity below that limit, due allow- 
ance being made if necessary for any eccentricity of loading 
(para. 12, Sec. III). It is to be noted that the stress intensity is not 
afiected by the length of a tension member. 

Sometimes, when the tension member is in the form of a 
thin sheet, such as a strip of canvas or' a plank of small thickness, 
it may be more convenient to express the stress intensity in units 
of weight per unit of width. It must be understood that the 
intensity is in reality dependent on the area of the cross-section, 
as in all other stress intensities ; but when the thickness is small 
and uniform, the above convention is often simpler for purposes 
of calculation. Sometimes, when the member is of circular 
section, it is more convenient to express the stress intensity 
in terms of the square of a linear dimension as the circum- 
ference in the case of ropes, and in the case of chain the diameter 
of the metal it is composed of. 

4. The calculations required in the case of compression members 
are not so simple as those for tension members. The length of 
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tte members influences their strength to a very large degree. 
Assuming, to begin with, that the liae of the load is ia the geo- 
metric axis of the member, the intensity of stress over a section 
at right angles to the direction of the thrust will be imiform 
as long as the member remains in a straight line. If the column 
is short in proportion to its smallest dimension, failure takes 
place by direct crushiag. But ia what is called a long column 
failure takes place partly by crushing and partly by bendiag. 
As soon as bending begins the distribution of stress intensity is 
no longer uniform. If the line of the load is not in the line of 
the geometric axis of the member, the distribution of stress 
intensity is not uniform from the beginning, and bending takes 
place more readily. 

It is not possible to draw a hard and fast line between long Long and 
and short columns ; it depends to a great extent upon the short columns, 
material. As a rough rule the ratio of length to least dimension 
should not exceed 8 to 1 if the column is to be treated as 
a short one. In the case of a column of non-uniform section — 
a tapering spar, for example — ^the least dimension to be taken 
for purposes of calculation is that of its middle section, for 
it is at this section that the maximum stress intensity will occur. 

The strength of a column also depends upon the way in which Round and 
its ends are secured. If they are free to turn they are said to fi^d ^''•Is- 
be " roimd," and if they are not able to rotate they are said to 
be " flat " or " fixed." A column with fixed ends is as strong as 
one of the same least dimension and half its length, and if one 
end is fixed, as strong as one two-thirds its length. Before any 
extra strength can be assumed on this account it is necessary 
to be sure that the fixing is very thorough, and that no rotation 
is possible in any direction if the cross dimensions of the section 
are about equal, or that no rotation is possible in the plane 
containing the least dimension if this is decidedly less than 
the other dimension of the cross-section. 

A rough rule to allow for this diminution of strength as the Eough rule. 
ratio of length to least dimension increases, is given below. 
In this rule, the allowable safe stress becomes less as this ratio 
increases. If r is taken as the safe compression in lbs. per 
square inch — for example, on a short column in which there is 
no danger of buckling — L the length of the column and d the 
least dimension, in the same units as L, then, the ends being 
considered round — 

^Vhen L is not greater than 8 d, safe stress is r. 

„ L is between 8 d and 12 d „ „ 5/6 r. 

„ L „ l^d „ 24 rf „ „ 1/2 r. 

„ L „ 24(? „ 36 i „ „ 1/4 r. 

„ L „ Z&d „ 4:8 d „ „ 1/6 r. 

A pile, 12 feet high out of the ground, and 5 inches by 5 inches Example, 
in cross -section, has to support a load of 7,000 lbs. From the 
(b 11133) c 
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nature of the construction one end can be considered as fixed, 
the other must be supposed free to move. The pile is thus 
equivalent as regards strength to a column with both ends 
rounded 8 feet long. The least dimension is 5 inches, giving a 
ratio of about 19. Assume the pile to be of Baltic fir, with an 
ultimate crushing strength of, say, 6,000 lbs. per square inch. 
Using a factor of safety of 4, the value of r on a short column 
would be 1,500 lbs. per square inch. With the given ratio the 
stress intensity 'can be ^ x 1,500, or 750 lbs. per square inch 
(this is, of course, the average intensity). The area of the cross- 
section is 25 square inches, giving a total allowable stress of 
18,750 lbs., so that the pile is amply strong enough. 

A formula that gives more satisfactory results than the fore- 
going rough rules is Gordon's, as long as the columns to which 
it is applied are round or rectangular wooden beams — 

1 + a 

where P is the total working load on the column, A the area 
of the column, r the safe intensity of stress on a short column 
(in the same units as P and A combined), L the length of the 
column, d its least dimension (in the same units as L), and a an 
empirical coefficient, given in the following table : — 



Type of column. 


Ends flat or 
fixed. 


Ends round or 
hinged. 


One end round, 
the other fixed. 


Solid round 
Solid rectangular 


1 
190 

1 
250 


1 

48 

1 
62 


1 

108 

\ 
140 



Graphical 
charts. 



Example. 



From the foregoing formula six graphical charts have been 
worked out, covering the majority of cases of timber columns likely 
to be met with in field structures (Pis. XII, XIII and XIV). The 
use of these charts will obviate the necessity of any calculations, 
except the alteration in the value of r, when timber other than 
Baltic fir is used, or an adjustment in the equivalent length of 
the column, when the ends are not secured in the manner 
indicated in the charts. It will be noticed that in the chart for 
round spars the safe stress has been taken lower than for rect- 
angular beams. This is to allow for eccentric loading, which 
is more likely to occur with the former. Should eccentric loading 
take place with the latter, a similar allowance must be made. 

The upright of a trestle in a railway bridge has to stand a 
thrust of 30 tons. Its unsupported length is 11 feet. Find the 
size of square baulk required. Taking the chart for square 
baulks and following the horizontal line representing an un- 
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supported length of 11 feet, it will be seen that the curve repre- 
senting 30 tons is cut at a point that carried downwards shows 
that a baulk about 12 inches square will be required. 

5. A very important case of compressive stresses in field Bearing 
structures is bearing stress. The stress exerted by a bolt on stress. 
the fibres of the pieces of timber that it holds together is of this 
nature. This point is considered at greater length when the 
subject of joints is discussed (para. 43, Sec. IV). 

6. As in all other cases, the stresses due to the strength of the Transverse 
material must exactly counterbalance those due. to the loads stress. 

up to the instant of failure. In Section III the stresses due to 
the loads have been expressed in terms of the bending moment 
produced by them, and it follows that for equilibrium this 
moment must be equal to the moment produced by the stresses 
in the beam resisting failure. This moment is known as the 
moment of resistance, and denoted by M,. 

When a beam is bent under a transverse load the stresses at Extreme fibre 
all points of a cross-section are not uniform, but increase out- stresses. 
wards, in compression and tension respectively, from zero at the 
neutral axis through the centre of gravity of the section, to 
maxima values at the fibres most remote from this neutral axis. 
It is most important that this extreme fibre stress should not 
exceed the safe stress decided on for the material under' 
consideration. 

7. For strains within the elastic limit of the material the Moment of 
moment of resistance is given by the following expression : — resistance. 

Mr = r . Z 

The symbol r denotes the maximum intensity of stress, that is, 
the intensity of stress in the fibres most remote from the neutral 
axis. Its value should not exceed the safe intensity of stress, 
and consequently depends upon the material and the factor of 
safety. The symbol Z stands for the section modulus of the section 
in question, and is quite independent of the material of which 
the beam is composed. Its values, for the sections of beams 
commonly met with in practice, are given in Table E (p. 41) 
(Pl.X). 

If the section is symmetrical about the neutral axis, the Value of 
extreme fibres in tension and compression will be at the same extreme fibre 
distance from the neutral axis, and consequently the intensity stress. 
of stress in them will be the same. The value to be given to r 
will then depend upon which is the smaller, the safe intensity 
of stress in tension or in compression. If the section is not 
symmetrical, the greatest intensity wiU occur in the fibres most 
remote from the neutral axis, and may therefore be either in 
tension or in compression. As a rule the value of r will be deter- 
mined by the stress in these extreme fibres, but if a material has 
a distinctly difierent strength in tension and compression it 
may happen that the greatest intensity will have to be reduced 
(B 11133) c 2 
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below wh.at would be safe for that form of stress, to allow for 
the smaller value necessary for safety for the other kind of stress. 
8. The value of the section modulus itself is given by the 
following expression : — 



Values for 
rouud and 
re(!tangular 
sections. 



where I stands for the moment of inertia of the section in ques- 
tion, and y is the distance of the most remote fibre from the 
neutral axis. 

The values of the section modulus for round and rectangular 
sections should be specially noted, as these are the sections that 
occur in the majority of cases in practice. The value for round 
sections can be taken as approximately — 



lU 



The value for rectangular 



Grraphical 



where D is the diameter of the beam, 
beams is — 

1/6 hd^ 

where h is the breadth, and d the depth of the beam. 
A graphical method for determining the section 



of members 
under trans 
verse stress. 



(2) 
(3) 



(5) 



modulus 
determination f^^ sections not included in Table E is given on p. 86. 
of the section , ° '- 

modulus. 

Calculation The calculation of members under a transverse load is therefore 

as follows : — 

(1) Ascertain the loads that wiU come on that member. 
Consider which of them are " live," and convert them 
to their " equivalent dead load." 

From the position and arrangement of these loads, 
ascertain the position and value of the M.ff. 
(4) This value must be equated to the value of the Mr at 
that cross-section. 

To do this, a value for the extreme fibre stress must be 
chosen, depending on the material to be used and the 
factor of safety, and the section so chosen, that this 
value, multiplied by the section modulus, will be equal 
to the value of the M^. 

In this calculation the same units must be employed in the 
evaluation of M.ff and M,-. 

When the transverse members to be calculated consist of 
road-bearers, evenly spaced across the transom, it is usual to 
assume that the outer one on either side only takes half the load 
taken by the remainder. Thus, in any calculation where the 
number of road-bearers is concerned, the number found to 
be necessary by the calculation must be increased by one. 
When the road-bearers are placed in definite groups, as, for 
example, below the wheel tracks of a heavy gun, this allowance 
is not necessary. 



Calculntion 
of road- 
bearers. 
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I. Find the size of a round larch spar to stand a concentrated Esamples. 
load of 6 cwt. at the centre of a 7 foot 6-inch span — 

^,r W L 6 X 90 . , , 

JVl/y- = = incn-cwts. 

4 4 

= 135 inch-cwts. 

Taking the ultimate strength of larch as 5,000 lbs. per square 
inch, and taking a factor of safety 4, r becomes 1,250 lbs. per 

square inch, or ^^- cwts. per square inch. If the mean diameter 

of the spar is D inches — 

D' 

Z = -Tj^ approximately 

therefore — 

135 _ 1.250 D= 
^ - 112 10 

whence D,^ =121 nearly, and the diameter of the spar should be 
5 inches. 

II. It is required to find what distributed live load five rect- 
angular fir road-bearers, each 9 inches by 3 inches in section, 
can safely carry over a clear span of 20 feet. For this 
material the ultimate strength against compression is less 
than that against tension, and can be taken as 6,000 lbs. per 
square inch. With a factor of safety 5, r becomes 1,200. If each 
beam is supposed to be placed on edge, the breadth is 3 inches 
and the depth 9 inches. Then — 

Mr = 1,200 X ^^^1 inch-lbs. 

= 48,600 inch-lbs. 

Thus the total moment of resistance of the five road-bearers 
deducting one for the reason given above, is — 

4 X 48,600 inch-lbs. 
= 194,400 inch-lbs. 

Suppose the total distributed load on the bridge to be «■ lbs. 
per foot run. This includes the live load it has to carry the 
weight of the roadway, and the weight of the road-bearers them- 
selves. Then — 

^ X (240/ 
M// = i^ inch-lbs. 



Then— 
whence- 



= 600 w inch-lbs. 

600 w = 194,400 

(u = 324 lbs. per foot run. 
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The weight of the roadway can be taken as about 70 lbs. 
per foot run, and that of the beams thenaselves together about 
30 lbs. per foot run. This must be deducted from the above 
value of w, leaving 224 lbs. per foot run. This is the equivalent 
dead load ; the live load is, therefore, assuming the usual 
allowance to be made — 

= ^ X 224. 
3 

= 149, or say 150 lbs. per foot run. 
Eough 9_ Altiiough it is desirable to use the foregoing methods in cal- 

culations for transverse members, the following rough formula 
may be used for hasty Work :^Let W be the distributed weight 
in cwts. which is to pass over the beam. This is supposed to be 
a live load, but only the actual dead weight is to be taken, and 
no allowance need be made for the superstructure, provided it 
does not exceed about -^W. If the actual load is not 
distributed but concentrated at the centre, W must be taken 
as twice this weight, as the bending moment, due to the con- 
centrated load at the centre of a supported beam, is twice that 
due to the same total load distributed. For a cantilever with 
a distributed load, W must be taken as four times the load ; and 
if the load is concentrated at the end, W must be taken as eight 
times the load. 

Let b be the breadth of the beam in inches. 

d be depth of the beam, or the diameter of a round 

spar, in inches. 
L be the span in feet. 

yi; be a coefiftcient depending on the material. 
Then for round spars — 

10 L 
and for rectangular beams— 

W = *-f X k 

For— 

Larch and cedar k= I 

Baltic fir A =5/4 

American yellow pine fc — 6/4 

Other firs and pines, and for beech, birch and 

English oak ^^ = 7/4 

The value of k for any other wood can be got by dividing its 
ultimate stress in lbs. per square inch by 5,000. 

These formulae give a factor of safety of about 3. If it is 
desired to use any other factor of safety a corresponding altera- 
tion must be made in the formula, by dividing the value taken 
for W by 3, and multiplying it by the new factor of safety. 

While the above rough formulse are based on the same general 
principles as before, they owe their simple form to the units in 



Sec. IV. MATERIALS. 39 

which the variables are expressed and the conditions assumed. 
Any alteration in these units or conditions will make these 
formulae inapplicable. 

A bridge has to be made to take the 4' 7-inch gun over a gap Example. 
of 10 feet. Seven road-bearers are to be used. Find their 
dimensions. The weight on the gun wheels can be taken as 
85 cwts., and as the axle distance is more than 10 feet, it is 
clear that the greatest bending moment will occur when the 
gun wheels are at the centre of the span. The load is concen- 
trated, and must therefore be multiplied by 2, making W = 170. 
There are seven road-bearers, and with the usual assumption 
about the two outer ones this value must be divided by 6 to 
give the value of W for any of the inside road-bearers. 

I. Assume that they are to be round fir spars. Then — 

170 _ 6 d' 5' 

T" ~ To ^ To ^ 4 
whence d is 8 inches approximately. 

II. Assume that they are to be rectangular oak beams. Then — 

170 __ bcP 7 
6 10 4 

whence hd? = 162 nearly. Here both 6 and d are unknown. 
It is, however, generally convenient to take d equal to about 2 6, 
and hence beams 3J inches by 7 inches would be suitable. 

The value of the ultimate strength against tension and com- Eiperimenial 
pression of the more common materials is given on p. 80; ''^^"^'' 
but it may sometimes happen in field structures that the 
material to be used is a timber the values of whose ultimate 
tensile and compressive stresses are unknown. In such a case 
it is necessary to carry out experiments to discover these 
values. It would be a practically impossible task to find out, 
with field appliances, the strength of such material under direct 
tensions or compressions. The experiment carried out is there- 
fore as follows : — A large baulk is taken, supported in a suitable 
manner, and loaded centrally until it breaks. Let the weight 
at which it breaks be W lbs. Then if the unsupported span is 
L inches, the Mff at the time of failure was at the centre, and was — 

inch-lbs. 

4 

Assuming that the section modulus of the beam was Z', and 

that the elastic law held true up to the time of fracture, the 

moment of resistance at that time was — 

r'.Z' 

Equating M^ and M,. — 

'' ^ 12^ 
This equation gives the value of /, the ultimate maximum 
intensity of stress, in terms of the known weight and dimensions. 
The accuracy of this determination depends on the assumption 
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that the elastic law held up to the time of failure ; but this is 
by no means the case. As the intensity of stress in the extreme 
fibres increased, the elastic limit was passed, with the result 
that the strain in these fibres was more than proportional to the 
stress, thus throwing more than the theoretical intensity of stress 
on the fibres nearer the neutral axis. The value of r' is there- 
fore too high, and in fact this value is not tfCken as the ultimate 
intensity of stress, but is called the modtilus of rupture. Its 
excessive value must be allowed for by using a larger factor of 
safety. The baulks experimented upon should be as large as 
possible in order to avoid the unnaturally superior quality of 
small selected specimens of the material. The baulks should 
also be rectangular in section, and not round, as this latter section 
largely increases the error due to the failure of the elastic law. 
In the case of a great many timbers, the only available informa- 
tion as to their strength is their modulus of rupture. 

10. The deflection of a beam under a load is not an indication 
of it3 strength, and practically a beam that is strong enough as 
regards transverse stress is almost always stiff enough for ordinary 
field purposes. If there is any doubt, it must be strutted or 
stifiened. A beam whose depth is considerable in proportion 
to its width is stifEer, for the same strength, than a beam more 
nearly square in section, but in using beams of such dimensions 
the possibility of failure by longitudinal shearing must not be 
forgotten. 

11. When the timber or other material is of insufficient scantling 
to carry the loads that will be brought on the various members, 
two or more beams may be placed on one another, but the total 
strength must not be calculated as if they formed one beam. 
The strength of each beam must be calculated separately, and the 
total strength will be obtained by adding the results together. 

In the majority of cases of transversely loaded beams in field 
structures, the M/y is to be found at the centre of the span. Thus, 
in using round spars, even with a considerable taper, the central 
section should be taken for purposes of calculation, and not the 
smallest one. 

When a beam is loaded in a compound way, for example, under 
a transverse load as well as a thrust, the stress at any point will 
be the algebraic sum of the stresses due to the loading separately. 
The maximum value of this must be used in any calculations 
that are necessary. 

12. Shearing stress does not enter very largely into the calcula- 
tions for field structures. The solid beams usually employed, if 
capable of withstanding the transverse stress brought upon 
them, will as a rule be more than sufficient to resist the shear. 
It may be mentioned that to avoid the chance of a beam failing 
by longitudinal shear, its depth (in the case of a fir beam) should 
not be more than 1/10 of the span for a distributed load, nor 
more than 1/5 for a central load. The question of shear has to 
be more taken into consideration in the design of joints. 
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TABLE E. 
Values or Section Modulus, &o. 



Form of Section. 



Section 
Modulus. 



Moment of 

Inertia. 

I 



Extreme 

Fibre 
Distance. 

y 



f 


- P- 




9- 


-A- 






\ 


f 
t 

d 

i 


*•- 


--/-. 




cz 
1 — 


A 




-K— 3--- ► 






hop 

12 






Hd 



12 



hd^- (b-b,) d,^ b d^-{b-b^)d,^ \ d_ 

6d ] 12 ! 2 




24 



bd^ 
3(j 



2d 



6 ^a' + e^ 6 (a' + a^) [ ^a' + c^ 



6 (a^ + 6-2) 



•0982 D^ 






■0982 



D'-Di* 



D 



■0191 D' 



■0491(D*-Di')i 



D 



•0238 D' -00686 D* -288 D 
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Timber. 
13. As a rule in hasty field engineering it is only possible to 
make use of such, timber as may be available close to the site of 
the work. Such timber will either be — 

(a) Felled and trimmed on the spot, and, if necessary, 

converted into rectangular scantlings. 
(6) Collected from timber stores in adjacent towns and 

villages, or from railway depots, 
(c) Obtained by demolishing structures containing timber, 
such as sheds, floors, doors and roofs. 

The undermentioned are the best of the ordinary descriptions, 
of timber to use for the purposes named :— 



Piles 
Posts 
Great strength 



Durable in wet positions. 
Large timbers 
Bridging planks ... 



Oak, beech and elm. 

Chestnut, acacia and larch. 

Teak, oak, greenheart, pitch 
pine. Kauri pine and Oregon 
pine. 

Oak, beech, elm, teak, alder, 
plane, acacia and greenheart. 

Baltic fir, oak, chestnut, maho- 
gany, pitch pine and teak. 

Baltic and other firs, spruce. 



14. Of all structural material timber is the most variable in 
strength and other qualities, two pieces of the same tree or even 
from the same log often producing very different results. The 
chief reason for this is that timber being a built-up structure 
is subject to internal strains, and these strains vary with each 
piece of timber. It is consequently necessary to allow a large 
factor of safety in timber structures, unless the timber has been 
specially selected as the best quality of its kind obtainable. 
For important work it is always advisable to test samples, and 
not to trust entirely to the results of any previous experiments. 

The results given in Table F (p. 78) have been compiled from 
various authorities. To obtain the value of the modulus of rupture 
from experiment, the procedure described above, may be followed. 
Care must be taken, by protecting them with iron plates, that 
the fibres next the supports and the weight are not crushed. 

As a general rule the weight and density of seasoned timber 
give a measure of its strength, the heaviest timbers, even those 
of the same species, being the strongest in compression and 
bending tests ; but density is no criterion of tensile strength, 
and some comparatively light timbers have great tensile strength, 
as, for instance, ash and hickory. 

The strength of a piece of timber is much greater for 
tension and compression along the grain than across it. in 
which direction the fibres have not to be broken, but merely 
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torn from one another, the resistance being more a question 
of adhesion than strength in the usual sense. Further, the 
strength of a piece of wood depends upon the part of the 
tree from which it is cut, whether from the heartwood or sapwood 
and whether from the upper or lower part of the tree. Its 
strength is also afEected by the amount and kind of seasoning it 
has Undergone, the place and soil in which it was grown, the 
age of the tree and the season at which it was cut down. 

When baulks of timber have to be superimposed upon one Superimposed 
another to obtain the necessary strength, no appreciable increase beams. 
of strength is obtained by bolting the baulks together. It 
has been found by experiment that the bolts bent at each joint 
of the baulks, and were pressed sideways into the timber to 
an extent which showed that the baulks slid upon one another. 
A slight increase in strength can be obtained by securing them 
with hard wood keys, wedges, or bolts ; the latter should be 
inclined. 

Timber columns are fairly uniform in tests up to about Timber 
15 diameters long, and up to this point give way by direct crush- '^"i"™"^- 
ing. In longer columns the larger number fail by lateral flexure 
or buckling sideways, and generally fail at knots. 

Trees are divided according to the manner in which new Classification. 
material is added to the section. This is either on the outside 
of older growth and next to the bark, or else it is inside, dis- 
tributed over the section. The timber produced is correspond- 
ingly dissimilar, and the two general divisions into which the 
trees are thus separated are known as exogens and endogens. 
Exogenous trees are further divided into broad-leaved trees 
and needle-leaved conifers. 

It is usual to associate the terms broad-leaf, deciduous and 
hard wood, and likewise the terms needle-leaf, conifer, evergreen 
and soft wood. While generally correct, this is not always so. 
For most practical purposes the timber used in engineering 
works may be divided into two classes : — 

Soft wood. — Including firs, pines, spruce, larch and all cone- 
bearing trees. 

Hard wood. — Including oak, beech, ash, elm, mahogany and 
so forth. 

In tropical countries, however, endogenous trees such as 
palms, bamboos and canes are most useful, and although from 
the nature of their structure it is not possible to cut them into 
rectangular scantlings, yet they may often be used as logs. As 
the layers increase in density from the centre to the circum- 
ference the timber is well adapted for use in columns and piles. 
It is deficient in rigidity, however, although light and strong. 
The stems of palm trees are soUd, but those of some of the 
grasses, such as bamboo, are hollow. Weight for weight, the 
wood of the bamboo is about twice as strong as the strongest 
exogenous timber in cross-bending. 
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Eattan is characterized by toughness, length, lightness and 
pliability, and can be usefully employed as a substitute for 
cordage. 
Botanical Woods appear to be more numerous than is actually the case, 

names. because several names are often applied to a single product. 

Such confusion can only be avoided by regarding the recognized 
botanical nomenclature. Even so, however, a great number of 
species exist, but the great majority of wood used in construction 
comes from but few of them. 
Conversion of 15. Trees are most valuable for felling just before they reach 
timber. maturity, after which each succeeding year produces a certain 

amount of deterioration in the wood. The passing of this 
period is shown by the topmost branches and branchlets be- 
coming stunted and thick, the tree then being called " stag- 
headed." When selecting a tree for felling one with an abun- 
dance of young shoots, and whose topmost branches look strong, 
pointed and vigorous, should be chosen. This is the most 
certain evidence that it has not yet passed maturity. 

Wood is composed of sapwood and heartwood, the former 
being the external and youngest portion of the tree. The sap- 
wood is much the weakest, and being on the outer circumference, 
always forms a large proportion of the timber, up to 40 per 
cent, or more. Young trees are almost all sapwood, and are 
practically useless as timber. 

Bamboos obtain their full growth in about a year, but must 
then stand for three or four years in order to season or harden. 

Details as to felling trees and converting them into rectangular 
scantlings are given in " Military Engineering," Part I, paras. 71 
to 78. 

In reducing timber from the log or baulk to scantlings, the 
dimensions and form that the timber ought to possess when 
actually in use should be borne in mind, in order that proper 
allowance may be made for the alteration that will take place 
in consequence of the action of the atmosphere, which has some 
efiect even upon well-seasoned timber. 

Experiments have shown that timber beams having the annual 
rings parallel to their depth are stronger than those which have 
the rings parallel to their width. 

The strongest rectangular beam that can be cut from a round 
log has its depth to ite breadth in about the proportion of 10 
to 7. The stifiest rectangular beam that can be cut from a round 
log has its depth to its breadth in about the proportion of 7 to 4. 
Green timber. Trees, when freshly felled, are not properly fit for use until 
they have been somewhat seasoned. This is frequently im- 
possible in field engineering, and allowance must then be made 
for the lack of strength in green timber. Fresh cut timber has 
only about half the maximum strength to which it will attain 
when all but about 4 or 5 per cent, of its own weight of water 
has been dried out of it. For comparison of different woods 
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it is necessary to adopt a definite standard percentage of 
moisture — from 12 to 15 per cent, is usually chosen, this being 
the amount retained after good air drying. With a moisture 
percentage below 10, Water is rapidly absorbed from the atmo- 
sphere. The weakening effect of moisture which has been 
re-absorbed by timber previously dried is almost identical with 
that of the moisture originally in the timber. On the other hand, 
a baulk of green timber, although it will not bear nearly so much 
load as a dry one, will not fail so suddenly. 

16. Heart-shakes are radial splits from the centre of the log. Defects in 
Several shakes radiating from the centre constitute a star- timber, 
shake. 

Seasoning checks are radial splits, which extend from the 
circumference towards the centre. They occur in the log when 
drying. 

Ring-shakes or cup-shakes are openings between the annual 
rings, which sometimes extend right round the log, in other 
cases only partially so. 

Knots are objectionable features in timber, but cannot be 
avoided. Very large knots, especially at the edges of timber 
which has to stand a heavy stress, are a cause of considerable 
risk, and the more so if they are on the side in tension. 

Timber is liable to decay, and many names refer to practically Decay in 
the same cause of disintegration, such as wet rot, dry rot and timber. 
disease. In old trees the inner portions of the heartwood are 
apt to decay, and in timber removed from other structures rot 
of some kind is likely to have occurred, especially in the ends 
of timbers built into brickwork, &c. 

Good timber should be visibly free from disease. A log 
apparently sound, as far as external appearances go, may be 
full of dry rot inside, which can best be detected by boring into 
it with a gimlet or auger and noting the smell and appearance 
of the dust extracted from it. If a piece of sound timber is 
lightly struck or scratched at one end, the sound can be dis- 
tinctly heard by a person placing his ear against the other end, 
even if the baulk is 50 feet long ; but if the timber is decayed, 
the sound will be very faint, or altogether prevented from passing 
along the baulk. 

Timber when freshly cut should smell sweet. The surface 
should not be woolly nor clog the teeth of a saw, but should be 
firm and bnght, with a silky lustre when planed. A disagreeable 
smell betokens decay, and a dull chalky appearance is the sign 
of bad timber. The colour of good timber should be uniform 
throughout. When it is blotchy or varies much in colour from 
the heart outwards, or becomes pale suddenly towards the limit 
of the sapwood, it is probably diseased. 

Timber, both in its growing and converted states, is subject 
to the attacks of worms and insects. When these exist in large 
numbers they remove so much of the wood as seriously to impair 
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the strength of any structure dependent upon the timber, and 
in some cases they destroy the baulks altogether. This is 
especially the case with timber used in submarine work, par- 
ticularly in tropical climates. 

Painting and tarring preserve timber if the wood is thoroughly 
seasoned before they are applied, otherwise the filling up of the 
outer pores only confines the moisture and causes rot. 

Creosoting is about the most successful of all preservative 
processes at present known. To a certain extent it renders 
timber proof against sea Worms and white ants. 

17. In countries where timber is very scarce, too hard or too 
heavy, or otherwise unsuitable, and when time permits of obtaining 
a supply of timber from a distance, a knowledge of the natures 
and limiting sizes of timber in ordinary commercial use will 
assist in preparing demands for material suitable for general 
field purposes in war. For information on this subject reference 
can be'made to Table G (p. 79). 

18. The Weight of timber is very uncertain, and the great 
variation in the weights given by difierent authorities is mainly 
due to the greater or lesser amount of moisture in the timber ; 
the weight also of each piece of a log or tree difEers from adjoining 
pieces. 

The weight per cubic foot should be taken as that for well- 
seasoned timber, say, with 12 to 15 per cent, of moisture. 

Ordinary pine timber, when freshly cut, contains about from 
40 to 60 per cent, of moisture by weight. That is to say, the 
weight of the same Wood, when dried to 15 per cent, water, will 
be from tWo-thirds to one-half of its weight when green. 

The weight of timber is increased from 7 to 12 lbs. per cubic 
foot over the weight of well-seasoned wood by the process of 
creosoting. 

The weight per cubic foot and the position of the centre of 
gravity of round spars can be found from Pis. XV and XVI. 



Iron and Steel. 

19. Iron and steel may be available in the field in the following 
forms : — 

(1) Rods and bars of various sections, rectangular and 

round. — These would be useful as tension members in 
certain bridges. The safe working stress on certain 
sections is given in PI. XVII. 

(2) Plates. 

(3) Rolled joists, either from a builder's yard or taken 

from the top of a shop front.- — These would be useful 
as road-bearers for bridges for heavy traffic. 

(4) Built-up girders could sometimes be obtained for large 

bridges. 
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(5) BaiM from a railway or tramway depot.- — These would 

be useful as road-bearers. Standard types witi their 
properties are given in PI. XVIII, and the safe load on 
these standard patterns is given in PL XIX. 

(6) Sheets, plain or galvanized, smooth or corrugated. — 

These might be employed as a roadway for bridges, 
with suitable precautions as to covering them with earth 
in the case of animal traffic. 

(7) Wire rope and wire from which ropes can be made. — 

These are dealt with in detail in para. 29. The safe 
stress in various standard gauges of wire is given 
in PI. XVII. 

(8) Chains. — These are dealt with in para. 37. 

(9) Nails, spikes, bolts and dogs. — These are dealt with 

in paras. 46, 47 and 51. 

Average values of the ultimate stress and the safe working stress 
for various natures of iron and steel are given in Table H (p. 80). 

Cordage, Wire Rope and Chain. 

20. OlficiaUy, hemp and fibre ropes are termed " cordage," while Cordage and 
the word " rope " is used to denote iron or steel wire rope. Prac- ''°^^' 
ticaUy.rope is used to denote both classes. 

The size of a rope is denoted by its circumference in inches. Its 
length is measured in fathoms. It is issued in coUs of a definite 
number of fathoms — cordage in coUs of 113 fathoms, bolt and 
three-strand manila 122 fathoms, and steel wire rope 100 fathoms. > 

Cordage, for military purposes, is' made from the fibres of Cordage. 
hemp, manila and coir, and is supplied by special contractors 
under stringent specifications as to quality. But in the field 
local supplies would often have to be used, and in such cases it 
would not be safe to reckon on the same high standard. 

Hemp fibre is obtained from the hemp plant, and is found Hemp, 
in three main varieties, the strength of which differs considerably. 

Italian hemp has a white silky fibre, and is the strongest of 
the three varieties. It is used in the manufacture of all white 
hemp cordage, except spunyarn, and for tarred bolt rope cordage. 
Riga hemp has a green tinge and is coarse grained. It is always 
tarred, and is used for tarred hawser-laid ropes up to 6 inches, 
and for lashings. Inferior qualities are made into spunyarn. 
Petersburg hemp is also greenish and coarse grained, and is the 
weakest of the three varieties. It is always tarred and is used 
for tarred hawser-laid ropes over 6 inches. It is also made into 
spunyarn. 

Manila fibre is obtained from the outer fibres of the leaf- Manila 
stalk of a species of plantain. It is more elastic than hemp fibre, 
and rope 'made from it is less afiected by wet and less likely to 
kink ; it is, however, rather too elastic for lashings. 

Coir fibre is obtained from the outer husk of the cocoanut. Coir. 
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It is always used in an untarred condition. It is very light and 

elastic, and will float until it becomes saturated with water. 

When constantly wet it does not rot as hemp would. 
Cotton. In manufacturing towns cotton rope might be obtained from 

the driving ropes of machinery. 
Manufacture. Several fibres of the material are twisted together to form a 

yarn. Several of these yarns twisted together form a strand, 

and three or more strands twisted together form a rope. 
The system on which the strands forming the rope are twisted 

together is called the "lay"; the variations in system are as 

follows : — . 

Bolt-rope. 

Hawser-laid, 3-strand. 

Hawser-laid, 4 -strand or shroud-laid, with a central core in 
addition to the four strands. 

These terms really indicate the tightness with which the 
strands are laid up, and the three varieties can be measured in 
the finished rope by the angle between the direction of each 
strand and the direction of the centre line of the rope. These 
angles are as follows : — Bolt-rope, 36J degrees ; hawser-laid, 
3-strand, 42 degrees ; and hawser-laid, 4-strand, 45^ degrees. 

In addition to the foregoing, three 3-strand ropes are sometimes 
laid up together, the rope thus formed being termed cable-laid. 

Increasing the angle of the lay makes the rope weaker, but 
more durable against wear. 

, Tarring rope weakens it, but preserves it from rotting. If 
white cordage receives proper care and stowage it should not 
deteriorate, and it is some 30 to 50 per cent, stronger than tarred, 
and about 20 per cent, lighter. 
Spunjarn. Spunyam is made from three to nine yarns. It is issued in 

coils of 56 lbs. weight, and 1 lb. is about 5 fathoms. 
Identification To identify a piece of cordage the following points must be 
of cordage. specified : — Material, lay, whether tarred or white, and size. 
Service The varieties of service cordage, as given in the Vocabulary of 

rarieties. Stores, are given in Table J (p. 81). 

Weight of 21. The weight of various patterns of cordage difiers very con- 

cordage, siderably, but as a rough rule the weights may be taken as 

follows : — ■ 

Hemp and manila, tarrod ... 
Hemp and manila, white ... 

.Coir 

where C is the circumference in in dies. 

Strengtli of 22. The strength of cordage is an important point, but its 
cordage. tensile strength alone need be considered. The strength o^ 
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cordage of the same nature varies within a large range, but the 
average for any particular kind depends upon — 

(1) Material. — The following are in decreasing order of 

strength : — Italian hemp, manila, Riga hemp, Peters- 
burg hemp and coir. 

(2) Lay. — The foUowing is the decreasing order of strength : — 

Bolt rope, hawser 3-strand, hawser 4-strand. 

(3) Whether tarred or white. The former is considered 

about 30 per cent, weaker than the latter. 

(4) Size. — The larger sizes of rope are not so strong in pro- 

portion as the smaller ones. 

In common with other materials the strength of cordage 
ought to be expressed by the intensity of the ultimate stress. 
As the sizes of cordage, however, are given in terms of the circum- 
ference, it is found more convenient to express the strength in 
terms of a load, multiplied by the square of the circumference. 

Government specifications lay down the minimum breaking 
loads for all varieties of cordage supplied o£S.cially, and from these 
values the figiires in Table J have been derived. Cordage 
obtained locally probably would not be of so good a quality 
originally, 'and would also generally have deteriorated consider- 
ably with age. Table K (p. 81 ) gives similar figures for certain 
ropes obtained commercially and tested to destruction. 
Maximum and minimum values are given, as well as average ones, 
to show the range of ultimate stress values, even in new ropes. 

23. More than one-third of the iiltimate load should never be Working 
p.ut on a rope, and a larger factor of safety should generally be loads, 
employed, especially if using worn ropes and with a live load. 
For important work a piece of the cordage to be employed might 
be tested to destruction, and the amount of the working load thus 
determined. For hasty work in the field a rough rule is necessary 
which must give enough margin to be safe with the weakest 
variety of cordage likely to be used. The safe working load of 
all cordage in the field, with the exception of coir, has conse- 
quently been laid down as follows : — 

C' cwts. 

where C is the circumference in inches. This may be increased, 
for good cordage, in good condition, up to a maximum of — 

2 C' cwts. 

The safe working load on coir cordage can be taken as — 

J C^ cwts. 

It may be noted that the expression C' cwts. gives an intensity 
of stress of about 1,400 lbs. per square inch. 

24. Cordage stretches considerably when loaded. In certain Stretching 
cases it might be useful to know approximately the amount 
of stretching that will take place under a given load. 

(b 11133) :D 
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When a piece of cordage tas been in use some little time a 
fair proportion of the stretching becomes permanent, and the 
elongation for any given load will therefore be less. Difierent 
pieces of cordage, even of the same nature, vary in the amount 
they stretch, but the following rough rules will give the average 
values for new cordage ; due allowance would have to be made 
for cordage that has been in use : — 

\/S 

•/S 
Coir and cotton cordage... ... -r,- 



All hemp and mauila cordage, 



Percentage of 

elongation on 
original length. 



where S is the total stress in lbs. and C the circumference of 

the rope in inches. 

p . , 25. The strength of ropes when slung over hooks or fastened 

points. by knots is decreased about 30 per cent. This is due to the 

fact that at the bend the intensity of stress in the fibres is not 

uniform, and some of the outer fibres are, in consequence, liable 

to fail. If it is required to work the rope up to its fuU working 

load, thimbles or their equivalent must be used, and the mode 

of attachment so chosen that no sudden bend takes place in the 

rope. If thimbles are not available, waste or old sacking can be 

inserted between the hook and the bight into which it is hooked. 

In uncoiling a new coil of cordage, pass the end which is at 

the core through the coil to the opposite side, and draw it out ; 

the turns wiU then run out without kinking. 

Cordage should always be coiled down in the same direction 
as that in which it is laid up. Service cordage is made up right- 
handed, and should consequently be coiled down with the sun — 
that is, in the same way as the hands of a watch. This will 
prevent it from kinking. 

Cordage should be kept as dry as possible, and when not in 
actual use should be coiled clear of the ground. If unavoidably 
exposed to weather it should be protected by tarpaulins or other 
coverings. It should never be returned to store nor, if it can 
be avoided, coiled down in a wet condition. Cordage stowed 
away damp or in damp stores, or once wet ' with salt water, 
rapidly deteriorates and becomes untrustworthy. This fact 
accounts for the small stresses at which seemingly good 
cordage will part, and points to the necessity of exercising 
great care before taking rope into use in heavy operations. A 
rope may appear to be good, but it may be worm-eaten or mouldy 
at the heart. When this is the case the interior of white rope 
. may have a slaty-grey appearance. 
tJae of 26. The following technical terms employed with cordage are 

in common use and their meaning should be understood : — 

(1) The running end is the name given to the free end of a 
rope. 

(2) The standing part is the rest of the rope. 
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(3) Belaying a rope is making it fast to another object, 
and a rope made fast is said to be bent. 

(4) Paying out or easing a rope is slackening it out. 

(.5) A bight is a loop formed on the rope so that the two 
parts lie alongside one another. 

(6) A half-hitch is a loop made so that one part crosses 
the other. 

(7) Whipping a rope is tying a piece of twine round the end 
to prevent it from untwisting and fraying. To whip a rope 
lay the end of the whipping along the rope, with its point towards 
the end, and take some turns round it and the rope towards the 
point. When half the required number of turns have been made, 
lay the end back from the point of the rope and lay the other end 
of the twine alongside the first, then twist the standing part 
of the loop so formed round its running part and the rope, until 
the required number of turns have been taken, after which pull 
the two ends, one towards the end of the rope and the other 
in the opposite direction, tUl they are tight, and cut them off 
close to the whipping. (PI. XX, Fig. 1.) 

Another way is to take a piece of twine about 2 or 3 feet long, 
according to the size of the rope, and place it with one end (a) 
lying to the right, the other (6) along the rope to the left. Wind the 
part (c) {d) (/) tightly round the end of the rope and the two ends 
of the whipping twine (o) and (6) the requisite number of times. 
Then by pnlling the ends of the twine (a) and (6) the whipping 
is tautened up and completed. (PI. XX, Fig. 2.) 

(8) Pointing a rope is tapering the end so that it can more 
easily enter a hole or block. 

(9) Parcelling a rope is putting canvas round it well daubed 
with tar, and binding it with spunyarn. This is used on 
portions of rope exposed to chafe. 

(10) Trapping is the drawing together of the several returns 
of a rope or twine lashing by passing the rope or twine round 
aU the returns. 

(11) Seizing a rope is connecting two parts together with a 
lashing of spunyarn, &c. To seize a rope, take a piece of spun- 
yam and double it. Place the bight round both ropes to be 
seized and pass the ends of the yarn through the bight. Haul 
taut by pulling on the ends in opposite directions, and make 
fast with a reef knot after as many turns have been taken as are 
necessary. (PL XX, Fig. 3.) 

Another way is to take the centre of the yarn and tie a clove 
hitch with it at the required point on one of the ropes ; then 
take each part round and round the two ropes in opposite direc- 
tions, leaving one end long enough to take two frapping turns 
between the ropes ; the ends are then connected by a reef knot. 
(PI. XXI, Fig. 4.) 

AU bends and many other knots can often be made more 
secure by seizing the running end to the standing part. 

(B 11133) V 2 
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(12) Mousing a hook is securing a lashing of spunyarn to 
the mouth of the hook to prevent its clearing or disengaging 
itself from anything it may be hooked to. To mouse a hook, 
take a piece of spunyarn, double it, pass the bight round the 
back of the hook and the ends through the bight. Two or three 
turns are then taken with the ends in opposite directions round 
the back and point of the hook, frapped together and secured 
by a reef knot. (PL XX, Fig. 4.) 

Another way is to make the centre of a piece of spunyarn fast 
with a clove hitch to the back of the hook. Both ends are 
passed round the back and point of the hook several times 
frapped and finished with a reef knot. (PL XXIII, Fig. 7.) 

(13) A gasket is a flat-plaited part of a rope, used for stopper- 
ing. (See stopper hitch.) It is made from one or two pieces 
of rope, according to the size required. Seize the rope where 
it is intended to end the gasket, unstrand it up to the seizing, 
separate the yarns, slightly untwist them and whip their ends ; 
then divide them into from three to nine portions, called foxes, 
and plait the foxes together. If the gasket is to be thinned ofi 
towards the end, the foxes must be thinned at intervals near the 
end of the plait. (PL XX, Fig. 5.) 

Another way of forming a gasket is to unstrand a rope and 
lay the three strands side by side and serve them over with yarn. 

A gasket can be made with an eye to it as follows : — Take a 
piece of rope, double the length required, form a bight in the 
centre of the rope and seize it at the end of the bight. Unstrand 
the rope up to the seizing and call the strands 1, 2, 3, and 4, 5, 
6, respectively. Interweave these strands as follows — Pass 1 
over 4 and under 5, and unite it to 6 ; 2 and 5 work together, 
and 3 works with 4, which crosses under 1. The whole of the 
yarns having been opened out up to the seizing and united in 
the order above, the three strands thus made are plaited together. 
To taper it ofi a few yarns are gradually taken ofi each strand. 
(PL XX, Figs. 6 and 7.) 

The strength of a gasket when used as a stopper is found to be 
about 40 per cent, less than that of the rope it was made from. 

■ (14) A selvagee is formed of rope yarns coiled into a circular 
form and marled, down. To make it, plant two pickets at a 
distance apart equal to the intended length of the selvagee, wind 
yarn rope round them until the skein is thick enough, and then 
marl it all round with the same yarn, half -hitched round it at 
intervals of an inch, and finish ofi with two half-hitches. The 
pickets must not draw in at the top or else the yarns will not 
all be of the same length. (PL XX, Fig. 8.) 

It can be applied to a rope or a spar, as shown in PL XX, Figs. 9 
and 10 ; but the best way is to lay the middle of the selvagee 
on the cable, turn the right hand end round under the cable and 
take hold of it in the left hand ; then pass the other end under 
the cable to the right, but riding over the first part, and take 
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it witt the right hand. Pass the end, now in the right hand, to 
the left over the cable and the other end to the right overriding 
it, and so on till near the end of the selvagee, when the hook 
of the block is hooked into both loops. A selvagee holds weU 
on wire ropes. It provides a quick way of applying a block to 
a spar, and is more quickly applied than a gasket for stoppering. 

Knots and Splicing. 

27. It is important that knots should be tied quickly. Knotting, 
correctly and without hesitation. A knowledge of knots cannot 
be acquired from books ; it is essential that practice in tying 
them should be continued until they are thoroughly learnt. 

Knots may be divided into several groups, as follows : — 

I. Knots to make a stop on a rope. 

Thumb knot. — To make this knot, pass the end of the Thumb knot, 
rope over the standing part and then up through the loop thus 
formed. (PL XX, Fig. 11.) This knot is also used to prevent 
a knot from unstranding. 

Figure of eight knot.^To make it, pass the end of the Figure of 
rope under, round above and down below the standing part, eight knot, 
then upwards through the bight thus formed. (PI. XX, Fig. 
12.) This knot is more secure than a thumb knot. 

II. Knots for joining or bending ropes together. 

Reef knot. — This knot is made as follows : — Holding one rope Eeef knot, 
in each hand, ends to the front, lay the end of the right-hand rope 
over the left, and take it towards the left once completely round 
that held in the left hand, so as to bring the point again to the 
front. Turn it back in the direction of and alongside its standing 
part over the original left hand end. Bring the latter up round 
the iirst end, down through the loop and haul taut. (PI. XX, 
Fig. 13.) The standing and running parts of each rope must 
pass through the loop of the other part in the same direction — 
that is, from above downwards or vice versd. If they pass in the 
opposite direction the knot is what is termed a granny, and 
when tightened up cannot be undone as easily as a reef knot 
can. (PI. XX, Fig. 14.) A reef knot can be upset and the ends 
pulled out by taking one end of the rope and its standing part • 
and pulling them in opposite directions. A reef knot is used 
for small dry ropes of the same size, with dry rope it is as strong 
as the rope ; with wet rope it shps before the rope breaks, while 
a double sheet bend is found to hold. 

Draw knot. — This knot is the same as a reef knot, except Draw knot, 
that a bight instead of an end is drawn through at A. (PI. XXI, 
Fig. 1.) It can be cast off from a distance by pulling on the 
end B. 

Single sheet bend. — This knot is made as follows : — Take a single sheet 
bight or double at the end of one rope, holding it in the left bend, 
hand, and pass the end of the other rope held in the right hand 
up through this bight, down on one side, tmder and up over 
the bight, and under its own standing part. (PI. XXI, Fig. 2.) 
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This is used for ropes of unequal size, or where the stress on the 
rope is not continuous. It is a more secure knot than the reef 
knot, but is more difficult to undo. 
Double sheet In the double sheet bend the running end is passed twice 
bend. round the bight and under its own standing part each time, 

without overriding. (PI. XXI, Fig. 3.) It is used where greater 
security is required, especially with wet ropes, as it is found to 
hold till the rope breaks. 
Hawser bend. Hawser bend. — This bend is made as follows : — Make a bight 
at the end of one of the hawsers, take a half-hitch with the run- 
ning end round the standing part, lash them together just 
beyond the hitch, and seize the running end to the standing part. 
Pass the end of the other hawser through the loop so formed, take 
a half-hitch round its own standing part, and seize as before. 
(PI. XXI, Fig. 4.) This bend is used for very large cables. For 
greater security two half-hitches can be piade in each hawser. 
By taking a complete turn with one rope round the loop of the 
other before making the half-hitches, the strength of the bend 
is largely increased, more bearing surface being obtained, and 
the tendency to part at the loop to a great extent done away 
with. 
III. Knots to attach ropss to other ropes or spars. 
Half -hitch. Half-hitch. — This is made by passing the running end of a 

rope round the standing part and bringing it up through the 
bight ; it may be seized to the standing part. (PL XXI, Fig.- 5.) 
Two half- Two half- hitches are made as follows : — With the end of the 

hitches. rope in the right hand and the standing part in the left, pass the 

end of the rope round the standing part, and up through the 
bight, thus forming one half-hitch. Two of these alongside 
one another complete the knot. (PL XXI, Fig. 6.) The end 
may be lashed down or seized to the standing part by a piece 
of spunyarri, which adds to its security, and prevents the end 
from sUpping. This is especially used for belaying or making 
fast the running end of a rope on to its own standing part. 
A round turn Round tum. — This and two half-hitches is the same as the 
and two half- ^^^^^ ^j^]^ ^j^e exception that a complete turn is taken round the 
spar or other object to which the rope is to be fastened, and the 
half-hitch is taken afterwards round the standing part. (PL XXI, 
Fig. 7.) Should the running end be inconveniently long, a 
bight of it should be used to form the half -hitches. 
Rolling Rolling hitch. — This is made as follows: — With the end of 

hitch. ^ jQpg -tajje ^^Q turns over the spar, then make two half-hitches 

round the standing part, the end being seized if the rope is stifi. 
(PL XXI, Fig. 8.) This hitch is always easy to cast off. 
Fishermau'a Fisherman's bend. — This bend is made as follows : — A com 
bead. plete turn is taken round the ring or other object to which the 

rope is to be fastened, and the end is passed over the standing 
part between the turn and the ring, over its own part, thus form- 
ing onre half-hitch, and a second half-hitch is taken round the 
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standing part alone. (PL XXI, Fig. 9.) TMsis used in pontoon- 
ing to fasten cables to the rings of anchors, and in all water work 
where a give-and-take motion has to be met. 

Clove hitch., — This hitch can be made in two ways, dependent C'Iotc hitcli. 
on whether it is possible to slip the knot over the end of the spar 
or not. In the first case, grasp the rope with the left hand, 
back down, and right hand, back up. Eeverse each hand so 
as to form two loops. (PI. XXI, Fig. 10.) Lay the two loops 
together so that the one held in the right hand is inside the other, 
and slip the double loop so formed over the end of the spar. 
(PI. XXI, Fig. 11.) When the rope has to be secured to a spar 
over the end of which the knot cannot be slipped, pass the end 
over and round the spar and bring it up to the right of the stand- 
ing part and again over and round the spar, to the left of the 
first turn, and bring the end up between the spar, the last turn, 
and the standing part. (PI. XXI, Fig. 12.) This is especially 
used for securing the running end of a rope to a spar, as, for 
instance, in beginning a lashing ; it is also used for securing 
guys to the heads of spars. When used in lashing spars the 
end should be twisted roimd the standing part ; and, for guys, 
seized to the standing part. A rope end secured by a clove 
hitch breaks near the clove hitch with less weight than if eye- 
spliced, or bent and seized. As this knot is one of the most 
useful and most frequently required, considerable practice 
should be devoted to making it in various positions. It will 
be noticed that a clove hitch is the same as two half-hitches 
pulled together. 

Split clove hitch. — This is the same as a clove hitch, except Split clove 
that the two component half-hitches are separated by some portion liitch. 
of the object to which the rope is secured. It is used, for in- 
stance in making fast a buov line to the crown of an anchor. 
(PL XXI, Fig. 13.) 

Magnus hitch. — This hitch is made by passing the end of a Magnus 
rope twice round a spar, then bringing it up before the standing hitch. 
part, passing it again round the spar on the opposite side to the 
first turn, and up through the bight which is made, the end part 
being jammed by it. (PI. XXI, Fig. 14.) This is used for making 
fast to round spars when much friction is necessary to prevent 
slipping. 

Draw hitch. — To make this hitch pass a bight of the Draw bitch, 
running end round the holdfast. Pass a bight of the standing 
part through the first bight, and haul taught on the running end. 
Pass a bight of the running end through the second bight and haul 
taut on the standing part. (PL XXII, Figs. 1, 2 and 3.) This knot 
will stand a give-and-take motion, and can be instantly released 
by a jerk on the running end. It is used to secure a head rope, 
boat's painter, &c., to a post, ring or rope, so that it can be 
instantly released. 
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Timber Timber hitch.— This is made as follows : — Pass the end of the 

hitch. j,Qpg jj^gj, ^j^jj round the spar and round its own standing part 

close to the spar. Then twist it at an easy angle two or three 
times back round itself, and haul the fall taut, thus jamming the 
twisted end against the spar. (PI. XXII, Fig. 4.) It is used for 
securing foot-ropes, &c., and can be easily undone when the 
strain is taken ofE it. 
Killick Killick hitch. — This hitch is begun by making a timber hitch, 

and completed by a. half-hitch. (PI. XXII, Fig. 5.) It is used for 
hauling and lifting spars, the half-hitch being placed near the 
end of the spar to be moved. 
Stopper Stopper hitch. — This, hitch is made as follows : — Take one 

hicch. twcn with the stopper round the cable towards the side on which 

it is wished to relieve the tension, and then a second turn over- 
riding the first. Pass the end of the stopper up between its 
standing part and the second turn, then over the standing part 
of the stopper down under the cable and round three or four 
times in the direction of the tension and the turns in the opposite 
direction to the original ones ; its end is then seized to the cable. 
(PI. XXII, Figs. 6 and 7.) It is used for making a hitch that will 
not slip with one rope or chain on a second rope or spar. A 
gasket is useful for a stopper. 
IV. Knots to make a loop on a rope. 
Bowline Bowllne. — ^A bowline is used for forming a loop that will not 

slip at the end of a rope. To make it, lay the forefinger of the 
right hand along and above the running end, hold the standing 
part away from the body with the left hand, back down ; lay the 
running end over and at right angles to the standing part just in 
front of the left hand ; turn the right hand over and outwards, 
bringing the forefinger up thro^ugh the small loop which is formed 
on the standing part ; then holding this small loop with the left 
hand, pass the running end under the standing part and up 
again, and then down through the small loop and haul taut. 
(PL XXII, Figs. 8 and 9.) 

bi°ht^°* °" * '^° ^^^^ ^ bowline on a bight, double the rope, and laying 
'^ ' the bight — held in the right hand — over the two ends held in 

the left hand, start making a bowline as before. Then open 
out the doubled end, pass it over the whole of the knot and to 
the front again, but now under the two ends, taking care that 
the knot does not turn over ; then haul taut. (PL XXII, Fig. 10.) 
This is used for making a loop that will not slip in the middle of 
a rope. 

Running Running bowlin e. — A running bowline forms a loop which can 

"" '"° easily be slipped along a spar and tightened at any point. To 

make it, pass the running end round the spar and take hold of it 
with both hands (the end in the right hand) as far apart as 
appears desirable, and so that the standing part passes over the 
running and between the hands. Then, with the end in the right 
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hand, tie a bowline on the running part near the left hand. The 
knot is then run through the loop. (PI. XXII, Fig. II.) 

Lever hitch. — This is made as follows : — Make a loop with the Lever liitch. 
rope, standing part uppermost, loop away from the body ; bring it 
round half-way across and over the standing part, then pass a 
lever or bar over the side of the loop under the standing part 
and haul taut. (PI. XXII, Figs. 12 and 13.) It may be used with 
a lever to withdraw pickets, &c., or to secure the rounds of a 
rope ladder, or in connection with drag-ropes. A pair of drag- 
ropes at a convenient distance apart, vfith parallel bars secured 
by these knots, enable several men to pull abreast. 

Man's harness hitch. — This hitch is begun like the lever jxan'a harness 
hitch, but is completed by taking the side of the loop which is hitcli. 
a continuation of the standing part, bringing it under the standing 
part and up between the standing part and the other side of the 
loop, and hauling taut. (PI. XXIII, Fig. 1.) This forms a loop 
to pass over a man's shoulder to assist him in dragging on a rope. 

Running knot. — This knot is formed by making a thumb knot Runnini' 
with the running end round the standing part. (PI. XXIII, knot. 
Fig. 2.) This makes a loop that will draw taut round an object. 

Slip knot. — To make this knot, take a bight on the end of slip knot. 
a rope and grasp it in the left hand, bight towards the left ; turn 
the running end back on the bight, take three turns with it 
round the three parts of the rope away from the bight, and pass 
the running end up through the small loop on- the right and 
haul taut. (PI. XXIII, Fig. 5.) This knot can be slipped over 
a spar and tightened up at will. 

V. Knots for use with blocks. 

Blackwall hitch. — This hitch is made as follows : — Make a Blaekwall 
half-hitch well up on the shank of the hook and haul taut, when I'lt'^''- 
the running end will be jammed against the curved part of the 
hook. (PI. XXIII, Fig. 3.) This is used for fastening the end of 
a fall to the hook of a block ; it only holds while the stress is on. 

Double Blackwall hitch is made by placing the rope Double Black- 
against the top of the hook of the block at the front. The wall hitcb. 
returns are then crossed at the back of the hook, and again inside 
the hook. (PI. XXIII, Fig. 4.) This is much more secure than 
the single Blackwall. 

Single sheet bend. — This bend is a' good mode of fastening Single sheet 
the fall of a tackle to the ring or becket of a block, as this allows ''^"'^• 
the blocks to come chock or close together. (PI. XXIII, Fig. 3.) 

Cat's-paw. — A cat's-paw at the end of a rope is made as Cat'spaw. 
follows : — Take two equal bights, one in each hand, and roll them 
over the standing part till surrounded by three turns of the stand- 
ing part, then hook the block into both loops. (PL XXIII, Figs. 
6 and 7.) A cat's-paw in the middle of a rope is formed as 
follows : — Lay the rope across the palms of the hands turned 
upwards, turn the hands inwards and continue doing so until the 
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rope is twisted on itself two or three times by either hand, then 
bring the two loops thus formed together, and hook the blocks 
through them both. (PI. XXIII, Fig. 8.) 

Slinging a To sling a cask horizontally, form a bight at the end of the rope 

cafk. with a bowline, take a side of the bight in each hand (backs 

upwards), and give them a turn backs downwards, forming two 
loops. Pass the loops over the ends of the cask and haul ,taut. 
(PI. XXIV, Fig. 1.) 

To sling a cask vertically, lay the rope on the ground and place 
the cask on it about twice the length of the cask from the 
running end, then with both parts of the rope tie the first half of 
a reef knot on top of cask, open out and pass the loop thus formed 
over the head of the cask halfway down to the bung; adjust 
the sling and make fast the running end to the standing part 
of the rope with a bowline. (PI. XXtV, Fig. 2.) 

Belaying. A cable is belayed to a cleat by taking a round turn round 

the cleat, and as many figure of eight turns as may be necessary. 
This may be finished ofi with a half-hitch on one arm of the 
cleat ; but this should never be done if the cable may have to 
be cast ofi in a hurry, as in pontooning. 

Splicing. 28. Cordage is sometimes united by splicing instead of by knots. 

Eye splice. To make an eye splice, unstrand a length of the end of the 

rope about two and a half times its circumference, and then 
bend the end down to the standing part, forming an eye of the 
required size, laying the middle strand on the top of the rope 
and forcing it from right to left under one of the strands of the 
standing part, having previously opened them with a marline 
spike. The left hand strand is then forced from right to left 
over one strand, and under the next on the left. Having turned 
the rope round to the left, so as to bring the right-hand strand 
on the top of all, force it from right to left under the strand of 
the rope immediately on the right of the one the first or middle 
strand Was passed under. Each strand of the end is now passed 
in succession between the strands of the standing part, no two 
contiguous strands being passed under the same strand, and 
each strand of the end being taken alternately over and under 
the strands of the standing part. The strands are opened by 
means of a marline spike, at the same time twisting the rope 
in a direction opposite to its lay, thus causing the hole to keep 
open when the marline spike is withdrawn. The strands on 
being put through should be drawn taut. They should be 
Worked in twice, then halved and worked in once, and then halved 
again and worked in to complete the splice. When the splice 
is complete, their ends are cut ofi and tbe splice beaten down 
with a Wooden mallet. (PL XXIV, Figs. 3, 4 and 5.) An eye 
splice is nearly as strong a fastening as a bend with seizings, 
and stronger than a clove hitch. 

Sliort splice. To make a short splice, the ends of the two ropes to be spliced 
3,re unlaid ^nd the strands are married — that is, the strands 
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of one rope placed between the strands of the opposite rope and 
drawn taut. The strands of one rope may then be seized to the 
other rope, while the splicing of the other strands is proceeded 
with by passing each strand from right to left over and under 
alternate strands in the opposite rope, in a similar way to that 
described for the eye splice. The strands of the other rope 
are then treated in the same way and the splice completed. 
(PI. XXrV, Figs. 6 and 7.) Such splices have been found to be 
as strong as the rope. 

A long splice is used when it is required to join up two Long splice. 
ropes in such a way that they can stiU be rove through the same 
size block as before. This is effected by spUcrag each pair of 
strands at an interval of 2 or 3 feet from the other strands. 
B^in by unstranding the end of each rope for a length of 2 or 

3 feet, according to the size of the rope (not less than seven 
times the circumference of the rope), and marry the two ends 
as described for the short splice, bringing the unstranded portions 
well against each other. Select a pair of strands (one from each 
rope) which come opposite to each other, and twist them loosely 
together so as to get them out of the way temporarily. Then 
begin unstianding one strand of one of the ropes, replacing it 
carefully by the corresponding strand of the other rope to 3 or 

4 inches from its end. Twist these two ends together to get them 
out of the way also, and then unlay the remaining strand of the 
second rope and replace it by the remaining one of the first 
rope. Now untwist each of these last strands and divide them 
into two equal portions, one portion from each strand being 
cut off and the other two being tied in a thumb knot, so as to 
fiU up the vacant space in the lay of the strands. These ends 
are then twice taken over one strand and below the next on 
each side of the knot and then cut ofi, and the whole dressed 
down with the maUet or marline spike. The other strands 
are then spliced in the same manner and the spHce thus com- 
pleted. (PI. XXIV, Fig. 8.) It is found from experiment that a 
long splice is from 5 to 40 per cent, weaker than the rope. 

In making splices which have not to run through a block, the 
ends of the strands should not be cut ofi close to the rope, but 
^ inch should be left projecting. 

Iron and Steel Wire Rope. 

29. Rope made of iron wire is not commonly met with now. iron and steel 
In the case of steel wire rope the quality of the steel employed wire rope, 
may vary considerably, and the strength of the resulting rope 
is also different. 

The wire may be either galvanised or uugalvanised. All rope Varieties 
issued by Ordnance is galvanised and may be made up in several of type, 
different ways, as follows : — 

I. Iron or steel wire alone is used in making the rope. The 
core of each strand consists of an iron or steel wire, round which 



60 ■ MATERIALS. PaRT IIIa. 

the other wires are twisted. If the rope is composed of several 
strands, one would be placed at the centre of the rope, and the 
others twisted round it. 

II. Strands composed entirely of wires as above are laid up 
round a hemp core. 

III. Each strand contains a hemp core, and if the rope is 
composed of several strands one would be placed at the centre 
of the rope and the others twisted round it. This type of rope 
is not very common. 

IV. Each strand contains a hemp core, and the rope is com- 
posed of several such strands laid up round a hemp core. This 
is the most usual type of rope. 

Manufacture. A " laid " rope consists of a heart composed of a strand of 
either hemp or wire, round which are twisted 6 strands, each 
composed of 6 wires round a heart. 

A " formed " rope comprises 6 strands laid round a heart as 
above, but each strand contains a larger number of component 
wires — that is, for example, round the first 6 wires a further 
outside layer of 12 would be laid, thus making 18 wires in all 
independent of the core. 

A " cable laid " rope consists of 6 laid ropes closed together 
to form one cable. Though this is more supple than the ordinary 
form of rope and lighter, it is decidedly weaker, and is not gener- 
ally considered a good way of making up wire ropes. 

Other arrangements of the wires are met with, but the above 
are the most common. As a rule the wires in any one rope are 
of the same size, though in ropes of some manufactures wires 
of two or more gauges are employed. 

The flexibility of wire ropes is principally dependent upon the 
multiplication of their component wires, and the manner in which 
they are laid. It is comparatively easy to make a rope con- 
taining only a few wires, but it requires considerable skill and 
experience as the number increases to arrange the wires and 
their lays, so that each component wire shall bear its due and 
proportionate amount of working stress. Hemp cores produce 
a more flexible rope, but naturally a weaker one for the same 
diameter. It is usual to steep the hemp in hot linseed or other 
vegetable oil. This weakens the hemp, but the presence of 
any acid is highly detrimental to the life of a wire rope. 
Improvised 30. Wire ropes to be used for the cables of suspension bridges 
wire ropes. g^j.^ sometimes built up of wires stretched and lashed in bundles. 
The essential point in making them up is to give all the com- 
ponent wires the same strain while they are being bound together. 
If this point is not carefully looked to, some of the component 
wires, when the cable is loaded, will be more stressed than the 
others, and consequently will be liable to fail before the resistance 
of the others has been developed. This method of making up 
cables has the advantage that the wire can be made up in coils 
of no greater weight than a man can carry thus simplifying this 
question of transport in difficult country. 
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The following method can be employed in making up the 
cables in the field : — All the wire must be properly unrolled by 
two men taking each coil, attaching one end to a tree or hold- 
fast, and rolling the coil along the ground away from the 
tree. This is necessary, for if the wire is merely pulled ofE from 
one face of a coil, there wiU be one twist in each length equal 
to the circumference of the coil, producing kinks, with corre- 
sponding weakness, when the wire is stretched. 

To construct the cable, seven of the unrolled wires must be 
attached to a tree or other holdfast, and another holdfast made 
at a distance equal to the required length of the cable. With 
picket holdfasts, precautions must be taken that the top of the 
picket does not move forward under the stress ; if it does, the 
first wires placed will become loose and the strength of the 
cable much diminished. A rope should now be attached to the 
free end of one of the wires, and when the wire has been stretched 
as tightly as possible by a suitable number of men hauling on 
the rope, it must be made fast to the second holdfast by walking 
round it a couple of times, keeping the strain on. The other 
wires must be stretched and secured in a similar way, the same 
strain being kept in each by using the same number of men to 
pull each time, if necessary with the addition of a spring balance. 

Now, beginning at the first holdfast, the 7 wires must be 
bound together into a group with bindings of twine or thin wire 
at intervals of 9 inches to 1 foot. The wires should not be 
allowed to override anywhere, and for this purpose a rough gauge 
of wire twisted into loops can be used and run along as the 
binding progresses, thu? keeping each wire in its proper relative 
position. 

The requisite number of bundles of 7 wires can be subsequently 
bound into one cable in a similar way, the bindings being made 
of wire and put on at a greater interval. 

The following is another method which has given very good 
results : — 

An anchorage A is set up, and to it attached a puUey block B 
and a picket C, 3 or 4 feet long. (PI. XXVI, Fig. 3.) 

The wires are laid out along the ground clear of each other 
and the end of each is attached to one of the small pulley blocks 
E. The ends are passed through the holes in the template D 
and made fast to the block B. 

The template D (Fig. 5) can be readily made out of 1-inch 
wood. Any wood wiU do, but hard wood is preferable. A 
foot square is large enough, and the holes should be bored sym- 
metrically in the form of a hexagon with one hole in the centre 
for the core wire. The holes should be on a circle of about 
8 inches diameter. 

The pulley blocks E are each held by one man who lays back on 
his wire and keeps an even strain on it. It is most important 
that the wires be strained equally. The slackening of any wire 
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during the process of twisting will at once produce an uneven 
piece of rope. 

The men should be evenly spaced from 2 to 5 paces apart, 
according to the length of rope to be made, and it is a good plan 
to attach the blocks to the men's belts or round their waists 
with spun yarn, so that by leaning back a steady strain may be 
kept up without fatigue. 

Two men twist on the picket C, and two men hold the template 
at right angles to the centre wire. The template should be 
about 18 inches from the hook of block B at the start, and is 
moved slowly back as the rope lays up, being kept from twisting 
and at about 18 inches from the point where the wires come 
together. If the template is allowed to twist even slightly 
during the formation of the rope, a faulty lay at once results. 

The swivels of the pulley blocks E should be well oiled so that 
the twist in each wire may be taken out, and the men should 
occasionally give the blocks a turn to make sure that the friction 
of the swivel has not allowed the wire to twist. This is particu- 
larly necessary in the case of the centre wire, and it is a good plan 
for the man in charge of this wire to turn his block by hand, 
taking the time from the men twisting at the other end, to 
ensure that the centre wire is laid up in the rope quite straight. 

The template shown in Fig. 5 can be used to lay up 3 wires 
together, using, of course, alternate holes only and omitting the 
centre hole. 

For a 19-strand, or 37-strand, cable a larger template must 
be used, as in Fig. 4. 

The holes are bored for each layer in the form of a hexagon, 
spaced equally apart as the wires will lie when laid up in rope. 
The practical difficulty of finding enough pulley blocks, or a 
large enough template, will usually preclude the laying up of 
more than a 19-strand cable in one operation, and in this case 
the third layer may be put on separately. The template for 
the third layer need not be larger than that for the second layer 
so long as the holes are correctly placed, and the central hole is 
large enough for the 19-strand cable. 

The same practical difficulty will usually limit the number of 
layers to three, but larger cable can be made by laying up 
3- strand or 7-strand cable instead of single wires. 

When using wire of No. 8 gauge, or thicker, the swivel blocks 
E will turn automatically, and economy of the working party 
can be effected by the following arrangement. For a 7-strand 
rope four pickets are driven (PI. XXVI, Fig. 6), and the six 
blocks are attached to these by means of a single rope which 
passes alternately through the swivel blocks and behind a picket 
as shown. The six blocks to which the outside strands of wire 
are attached are best arranged in two rows of 3, while the strand 
which is to form the core is attached to a seventh block, which 
is separately attached to the pickets. This block must be turned 
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by hand. All the wires can be strained evenly by means of the 
continuous rope attachment, and only one man is required at 
this end to turn the core swivel and to generally manage the 
other six blocks. 

This arrangement has the further advantage that the wires 
are not so widely spread apart as when held by men, and this 
makes the movement of the template along the wires easier. 
The template for use with thick wires should be of very hard 
wood, and, if possible, the holes should be metal lined. 

It has been found that the strength of ropes laid up by this 
method is practically equal to the total strength of the number 
of strands in the rope less those forming the core. Actually 
it is slightly greater, but the core does not contribute its full 
share of strength and should not be considered in calculations. 
In large cables it would therefore be more economical of material 
to use old hemp rope or some other material for the core. 

31. It is usual to take the weight of wire rope as equal to C' lbs. Weiglit of 
per fathom, C being the circumference in inches. This is approxi- "'■''' ™P^- 
mately correct ; but the real weight varies with the relative 
proportion of hemp core in the rope, this expression giving too 

high a value when there are hemp cores in the strands as Well 
as in the rope itself. 

32. The strength of wire ropes depends upon a great number of Strength of 
factors. As in the case of cordage, the breaking and the Working ■"'"" ™pe3. 
stresses are expressed in terms 'of a load per circumference 
squared. 

The material of which the ropes are made is the principal 
factor. The breaking stress of special " agricultural " steel 
wire ropes may vary from 3 C- tons to 4 C- tons ; that of 
ordinary steel wire ropes, from 2 C- tons to 3 C" tons ; and that 
of iron wire rope and very mild steel wire rope from C° tons to 
2 C'^ tons. A very comiaon mistake is to assume that any steel 
wire rope that is about to be used is made of the special " agri- 
cultural " steel wire, and its strength calculated accordingly. 
As a matter of fact, such wire ropes would only be found in 
cases where lightness is so essential that the considerable increase 
of cost Would have to be disregarded. 

Another important factor is the material of which the 
various cores, both main and strand, are made. Hemp cores 
add practically nothing towards the strength of the rope, and 
the chief consideration is consequently the ratio that the total 
area of the wires bears to the area of the rope. The variation 
of this ratio is shown by the following average residts for gal- 
vanized wire ropes of three different types : — ■ 





Ratio of -wire 
area to total. 


Comparative 
strengtli. 


Wire cores 

Hemp main core 

Hemp main and strand cores 


•55 
■46 
■30 


1-8 
1-5 
1 
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Strength of 
wire. 



Stretoliing of 
wire ropes. 



With. ropes containing a hemp core the larger sizes are stronger 
in proportion, as the proportional area of the hemp core is less. 

The lay or arrangement of the wires also affects the strength 
of the rope. Generally speaking, a rope made up of a con- 
siderable number of wires is stronger for the same circumference 
than a rope made up of a smaller number of larger wires. On 
the other hand, ropes made of wires of several different sizes 
are generally weaker. 

Galvanized wire ropes are on the average about 5 to 10 per 
cent, weaker than ungalvanized ropes of the same circumference, 
due to the fact that the wire is increased in diameter by the 
process without being increased in strength. 

Table L (p. 81) gives some experimental results, but as no 
information is available as to the varying qualities of the wire used 
in making the ropes, the figures lose a good deal of their value. 

To obtain the safe working loads, a factor of safety must be 
applied to these breaking loads. In the case of new ropes this 
should not be less than 3, and in the case of old ropes 4. 

Taking the breaking load of the rope usually supplied by 
Ordnance as 1'75 C' tons, and using a factor of safety of 4, 
the following rule for use in the field is obtained : — 

7 
Working load = — C- tons. 

The following is practically identical : — 

Working load = 9 C^ cwts. 

For ropes made of special quality steel or in cases where the 
cores are made of wire, these figures can be correspondingly 
increased. 

33. In case it is required to make up cables out of bundles of wire, 
the figures as to their strength given in Table M (p. 82) may be 
useful ; they are derived from a considerable number of 
experiments. These figures will give an idea of the breaking 
stress of a wire when its gauge, and consequently its area, is known. 

A factor of safety of at least 3 or 4 must be used in the case 
of a cable built up of wires, to allow for the fact that several 
of the wires will probably be taking more than their share of the 
load. A rough rule for iron wires, giving a factor of safety of 
about 3 or 4, is : — 

Working load = weight of wire in lbs. per mile. 

For steel wire, about twice this might be used. 

34. The extension of wire ropes up to about one-quarter of the 
breaking load is, approximately, proportional to the stress. 
From this point up to about half the breaking load it begins to 
get rather more than proportional. Beyond this point again it 
rapidly increases up to the point of breaking. The nature of 
this extension shows that a factor of safety of at least 4 should 
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always be used if possible, to avoid tte risk of getting beyond 
th.e elastic Umit. 

The actual amount of the extension varies to a certain extent 
with individual ropes ; but approximate rules for it, up to about 
one- quarter or one-third of the breaking load, are as follows : — 

V\ ire core ropes ... 



Hemp main core ... ... ... '3 ,-^, y 

Hemp main and strand cores ... -5 -^ 



^^ I Percentage 
S elongation 
of original 
length. 



• 
where S is the load in tons and C the circumference in inches. 

35. Wire rope should not be worked round sheaves or barrels of Practical 
too small a diameter, as this would bring an unfair proportion points. 
of stress on some of the wires. As a rough rule the diameter 

of the sheave, &c., should not be less than six times the circum- 
ference of the rope. The diameter of any holdfast round which 
a wire rope may be secured should not be less thau four times 
the circumference of the rope. 

SmaU wire ropes may be coiled like cordage. It is often 
convenient to coil them on a drum. Large wire ropes should 
be coiled in a figure of eight, which allows of their being uncoiled 
without kinking. 

Wire rope should be kept well oiled, linseed oil being the best 
for the purpose. This should be done at least once every two 
or three months. 

Before cutting a wire rope, it should be seized on either side 
of the proposed cut with spimyarn ; it is also advisable to seize 
the ends of all wire ropes. 

The majority of knots required for cordage are applicable to 
wire ropes, avoiding those varieties where the rope would have 
to be bent sharply. 

The running end of a wire rope may be seized to the standing 
part as follows : — Seize the running end of the rope strongly 
to the standing part with tarred yarn nearly up to the extremity 
of the running end. The wires of this end are then opened 
out, bent back over the seizing, and a fresh seizing passed round 
them and the standing part, so that they form a plug. 

36. Wire ropes may be spliced in a somewhat similar way to Splicing wire 
cordage. ™P^^- 

The apparatus required for eye splicing wire ropes consists Bye splice. 
of a Wooden block about 6 feet by 1 foot 6 inches by 1 foot 
3 inches, fixed to two supports 1 foot 6 inches by 9 inches by 
9 inches. (PI. XXV, Fig. 1.) The block is perforated with four • 
rows of holes, each row containing four holes, the outer rows 
being 6 inches and the inner row 1 foot 6 inches from the ends. 
The holes are 2^ inches in diameter and 1 foot deep, and their 
tops are strengthened by plates of iron 4 inches by J inch, having 
(b 11133) E 
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corresponding holes cut in them. A few crowbars and small 
pinching-bars are also necessary. With, small eyes thimbles 
should always be used. An eye splice is made as follows : — 
Mark on the rope with a piece of spunyarn the place where 
the splice is to begin. This distance is determined by 
measuring the outside of the thimble, and adding the circum- 
ference of the rope and 3 feet (the amount of rope which is con- 
venient to unstrand) this gives the point required. A piece 
of spunyarn should also be tied round the rope 3 feet from the 
end ; then place a crowbar (A) in one of the centre holes of the 
outside plate and pass the thimble over the crowbar, and bend 
the rope round it as taut as possible. This is done by .securing 
two lashings (C, D) by^^means of stopper hitches to the standing 
and running ends of the rope, placing two crowbars (E) at the 
other end of the block, and taking a bight of each lashing two or 
three times round them, windlassing them up by placing small 
pinching-bars (F) in the loops formed by the bights. After it 
has been drawn perfectly taut, the ends of the pinching-bars 
should rest against one of the crowbars at that end of the block 
to prevent them from slipping. When the wire rope is taut take 
two or three turns with a lashing round both parts of the rope 
a little below the point of the thimble and place a pinching-bar 
(G, G) on the ropes over the turns, then take two or three turns 
with a bight of each end of this lashing round the bar, after which 
pass a small bar (H) through each loop formed by the bights, 
and using these bars as levers twist up until the rope fits close 
to the thimble. (PI. XXV, Fig. 3.) Lash the ends of these small 
bars to crowbars (K, K), place one on each side of the one over 
which the thimble has been placed or to the standing part of 
the rope, to prevent them untwisting. Then seize with spunyarn 
the two ropes at the place where they meet at the point of the 
thimble, and also seize the thimble to the rope in two places, 
about 2 or 3 inches from the point of the thimble. (PI. XXV, 
Fig. 4.) Having brought the rope to the shape of the thimble 
and secured the thimble to it as above, take the stress off the 
rope by removing the lashings C, D, and levers F, unstrand the 
running end of the rope, remove the core, whip the end of each 
strand and proceed with the splice as follows : — Kaise with the 
marline spike a convenient strand of the standing part of the 
rope, and pass under it the right hand strand of the running 
end, draw it through, pulling it taut, lay it along the rope, and 
lash it down so as to prevent it flying back. Then raise the 
next strand to the left of the last one on the standing part, and 
place under it the next strand to the left of the running end, 
• draw taut, and lash down as described for the first one, and 
proceed in this order until a round is complete — each round 
when complete should be served with spunyarn to prevent it 
from springing back. Then remove the core from each strand 
and complete a second round in the same manner, after which 
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reduce the size of the strands by one half, and complete a third 
round again, reduce the remaining part of the strand by one- 
half, and complete the fourth round, cut ofE the ends of the 
strands, and complete the splice by hammering it well down 
and serving it over with spunyam by means of a serving mallet. 
(PL XXV, Fig. 2.) 

To make a short splice, the ends of the two ropes to bfe sphced Short splice, 
are unlaid for a length of 1 foot 6 inches to 3 feet, accordmg to ^"^ ™P®- 
the size of rope, and are then married. The left rope should 
be served with spunyarn to prevent strands from imstranding. 
The strands of the right rope are laid along and seized to the 
standing part of the left rope, while the strands on the left rope 
are being spliced into that of the right, which is done in the 
same manner as in the eye splice. The strands of the right 
rope are then cast loose, and the seizing on the left removed, 
and the splicing of that part completed in the same manner. 

To make a long splice, unstrand the two ropes for about 4 or Long splice. 
6 feet (according to the circumference of the rope) and then ^"^^ ^°P*- 
seize with spunyarn at that point, one strand of one of the ropes 
being left free. The end of each strand is whipped. They are 
then married in the ordinary way and tightly seized with spun- 
yarn over the centre of the joint. Then unlay the strand left 
out, and replace it by the corresponding strand of the other 
rope up to a convenient distance, so as to allow the remaining 
strands to be worked in, which is done in a similar manner, 
working alternately right and left, and finishing ofE each pair 
of strands before proceeding to the next. The splice is finished 
off as follows : — Having replaced one strand by another, as 
stated above, the cores of both strands are removed. The 
strands are then crossed and passed under the adjapent strands 
of the rope ; the strands are then halved and passed over one 
strand and under the next ; the ends are then cut ofi and com- 
pleted. The jointing of all but the first two pairs of strands 
must be so arranged as to have the joints as nearly as possible 
at equal distances from one another, between the two first or 
outer ones. After the first pair of strands is completed the 
seizing is cut away. 

Chain. 

37. Chain is identified by the diameter of the iron forming "^arieties of 
the link, and may be — 

(1) Short-link or crane chain. 

(2) Long-link or cable chain. 

(3) Studded chain. 

Long-Hnk chain is weaker than either of the others, and is 
not now issued for military purposes. 

Each link of short-link chain has a length equal to five times 
the diameter of the iron used for the links, and studded chain 
has a length of six times this diameter. Any chain over five 
(B 11133) E 2 
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diameters in length and not stiidded is called long-link chain. 
Both short-link and studded chain have a width of three and 
a-half times the diameter of the iron. 

Chain is issued in various lengths according to the work to 
be done, and is measured in fathoms. 

The smaller sizes of short-link chain are usually galvanised. 
Studded, chain is usually ungalvanised. 

According to Government specifications, the weight of chain 
from which a variation of 5 per cent, is allowed, is approximately 
given by the following rough rule : — 

Short-link chain 64 cZ^ lbs. per fathom. 

Studded chain 59 ci^ „ „ 

where d is the diameter of the iron in inches. 

According to Government specifications, a short piece of each 
chain supplied is tested with a load that may be taken as the 
equivalent of the breaking stress. The amount of this load 
is given by the following rules : — 

Short-link chain 24 (?^ tons. 

Studded chain 21 d? „ 

In the case of short-link chain this is equivalent to a stress 
of about 15 '3 tons per square inch, whereas the iron from which 
the chain is made is specified to have a tensile strength of 23 tons 
per square inch. This difference is due to the way in which 
chain fails, namely, by the links distorting and pulling out. 
This also shows why studded chain — though lighter — is stronger, 
as it is helped against this distortion by the studs. 

In addition to this test load, the whole chain is subjected to 
a proof load, which is half the test load for a short-link chain 
and two -thirds the test load for studded chain, namely : — 

Short-link chain 12 cZ^ tons. 

Studded chain ... \9>d? „ 

On an emergency new chain may be used up to the proof 
stress, but for ordinary use half this amount should not be 
exceeded. Even this, .in the case of studded chain, does not 
give a very large factor of safety. 

Long-link chain is only about five-sixths of the strength of short- 
link chain made from the same iron — that is, its test strength 
would be about 20 W' tons. 

38. For use in the field, the following rules may be used to 
give the safe working load : — 

Short-link chain % cP tons. 

Studded chain ... Id?' „ 

Long -link chain 5 d^ „ 

When chain has been subjected to violent use, such as loads 
coming on suddenly, the iron of the links becomes crystalline 
and brittle. Chains used for such purposes should be annealed 
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periodically, to restore the iron to its fibrous condition. This 
may be done by heating it to a very duU red heat and then 
allowing it tcf cool slowly, 

39. Chains are generally connected by shackles. The best pattern gjiacklea. 
is the screw shackle, and is that generally used with chain when- 
ever it is desired to connect or disconnect quickly. All screw 
shackles should be tightly screwed up with a marline spike, 

and if intended to remain for any length of time, should be 
wired — that is, the eye of the pin shoidd be lashed to the bow * 
with a few turns of wire. Another pattern of shackle met with 
has a plain pin with a slot, and a split pin. If often opened 
and closed the split pin is apt to break. 

The strength of the service pattern shackle is about three- strength of 
quarters of the strength of short-link chain made from the same shackles, &c. 
diameter iron. It will be seen that the shackles used for any 
chain must, for equal strength, be of larger diameter metal than 
the chain, and thus will not fit easily in the end link. It is 
therefore usual to fit each end of a chain with a special large Unk, 
called a " long Unk," into which the shackle can be fastened. 
To get equal strength, the metal in the long link should be 
one-sLKth stronger than that used in the rest of the chain. This 
is done in practice by making the long link of metal ^ inch thicker 
than that used in the chain. Thus ^^-inch chain should have 
long links of J-inch metal and f inch shackles. 

40. Eye-bolts are about six-sevenths and triangular and circular Eye bolts 
ring-bolts are about one-third as strong as short-link chain of and hooks, 
the same diameter iron. For field use it would be near enough 

to take their safe working loads as follows : — 

Eye-bolts 5 (P tons. 

Triangular and ring-bolts ... ... ... 2d? „ 

where d is the diameter of the iron as before. 

Hooks are about one-ninth as strong as short-link chain cf 
the same diameter iron. They are seldom, however, made of 
the same diameter iron throughout, but are specially shaped 
to have more metal at the point where the stress is greatest — 
that is, at the back of the hook. It is this largest dimension 
that must be considered when calcidating their strength. For 
field purposes the working load on hooks can be taken as O'l d^ 
tons in the case of a plain hook, and O'b t^ tons in the case of a 
shaped hook, where t is the greatest dimension at the back 
of the hook. 

Joints and Fastenings. 

41. Joints are used for the following purposes : — Classification 
For lengthening ties or beams in tension. joints. 

„ „ struts or beams in compression. 

,, ,, beams under transverse stress. 

,, beams bsaring on beams. 
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For beams on posts. 
„ posts on bsams. 
„ connecting struts witi ties. 
„ between struts and beams. 
„ between ties and beams. 

Principles of The principles wMoh govern the design of joints and fastenings 
joints. are as foUows :— 

(1) Joints should be cut and fastenings arranged so that 

the members which are connected are Weakened as 
little as possible. 

(2) Each part of a joint should be proportional to the 

stress it has to bear, and every pair of surfaces in con- 
tact should be fitted accurately, in order to distribute 
the stress uniformly. 

(3) Fastenings should be so designed as to be of equal 

strength with the members which they connect. 

(4) Joints should be planned so that the stresses are 

uniformly transmitted from one member to the other. 

(5) Joints should be arranged so that they are afiected as 

little as possible by expansion or contraction of the 
materials. 

(6) Abutting surfaces in compression should be placed as 

nearly as possible at right angles to the direction of the 
pressure coming on them, so as to avoid resolved stresses 
in other directions. 

(7) With timber joints the fastenings in each member should 

be placed so that there shaU be sufficient material to 
resist the crushing or shearing of the fastenings which 
pass through it. 

Classification Fastenings are used for making joints more secure, and may 
of fastenings, be classified as follows : — 

(1) Bolts and nuts. 

(2) Straps. 

(3) Rivets. 

(4) Nails, spikes and drift-bolts. 

(5) Screws and coach screws. 

(6) Trenails. 

(7) Dogs. 

(8) Lashings. 

Framed Unless skilled labour is available, all complicated construction 

Joints. jjj framed joints, such as mortice and tenon work, should be 

avoided as far as possible, the members being made to butt 
square. The fastenings employed should be such as are most 
readily obtained and used. Bolts and nuts make good fasten- 
ings, but fixing them takes time. Nails, spikes, trenails and 
dogs are of great utility. Lashings should only be used if nothing 
else is available. 
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A lapped -joint consists in simply laying one beam over the Lapped joints, 
otter for a certain length, and binding them together with straps 
or bolts. (PI. XXVII, Fig. 1.) This joint is clumsy in appearance, 
but is stronger than those of a more artificial construction. 

In a fished joint the ends of the members are butted together, Fished joints, 
and an iron or wooden plate or fijsh-piece is fastened on each 
side of the joint by bolts passing through the beam. (PI. XXVII, 
Fig. 2.) The bolts should be placed chequerwise, so that the 
fish-plates and timbers are not cut through by more than one 
bolt-hole at any cross section. 

When subjected to tension the bolts are apt to press upon 
and crush the fibres, thus causing the joint to yield. The joint 
is helped by the friction between the beam and the fish-plates, 
but when the timber shrinks this friction is removed. 

When a beam is fished to resist compression, there should be 
plates on all the four sides. 

A fished joint is not very suitable for a beam under transverse 
load, but the principle is sometimes made use of in constructing 
composite spars. The various spars must be arranged to break 
joint throughout, and carefully lashed at every 5 feet, the 
lashings being wedged up. A similar method can be employed 
when single spars of the required lengths for the frames of 
bridges cannot be obtained ; short ones can be fished together. 
(PI. XXVII, Fig. 3.) Beams treated in this manner have been 
used for road-bearers, and have been found to be nearly as 
strong as single pieces, provided the cover piece has the same 
section as the beams, is over half the length of the spar and is 
well lashed. 

Cover-plates or fi^sh-plates should be used with iron girders — 
employed as road-bearers — to connect them where they butt 
against one another over a trestle or abutment. 

In a scarf joint the members are cut to fit one another, so Scarf joiut<i. 
that the resulting beam is of the same thickness throughout. 
PI. XXVII, Fig. 4, shows a scarf joint adapted to resist compres- 
sion; the bearing surfaces are large and perpendicular to the com- 
pression. Under a tensile stress it would depend entirely upon 
the shearing strength of the bolts to hold it together. Fig. 5 
shows a scarf joint for beams in tension ; and Fig. 6 shows a 
beam scarfed vertically through its depth to resist transverse 
stress. 

For tension members some form of adjustable joint is often Adjustable 
useful. This can be obtained conveniently by the use of coupling jomts. 
boxes or some similar arrangeraenb with reverse screws, which 
enable the member to be tautened while in position. 

PI. XXVII, Fig. 7, shows a halved joint ; Fig. 8 shows a notched Beams on 
joint; Fig. 9 shows a cogged joint; and Fig. 10 shows a tusk ^"''^s- 
tenon. 

Fig. 1 1 shows how a post can be housed in a beam ; and Posts and 
Fig. 12 shows a mortice and tenon. beams. 
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Fig. 13 shows the use of plates in connecting tension and 
compression members. A modification of the same principle can 
be used with timber members. PI. XXVTII, Figs. 1 and 2, show 
another method of uniting such members, and also illustrates 
the use of hard wood blocks. 

In, place of cutting away the material of one member, a plain 
or butt joint can often be made nearly as good by the use of 
cleats. (PL XXVIII, Fig. 3.) An adaptation of this principle to 
the joint between the legs and transpm of a trestle is shown in 
Fig. 4. 

42. Bolts are often used to give additional security to joints, some 
forms of which, indeed, depend upon them altogether for strength. 
They have the disadvantage of weakening the beams through 
which they pass by cutting the fibres. If the timber shrinks 
they become loose and bruise the grain of the wood where they 
bear upon it. Square bolts, with one side at right angles to the 
pressure upon them, have been found by experiment to cut less 
into the timber than round bolts. 

In many cases bolts are most useful, from the facility with 
which they can be tightened up by means of a screw and nut 
after the work in which they are used has taken its bearing. 
One end of the bolt is generally formed into a sohd head and the 
other with a screw, on which is fixed a movable nut. 

The size of bolts should be calculated according to the stresses 
upon them and the quality of the iron used ; their bearing stress 
upon the fibres of the beam in which they are used must also 
be considered. Care must also be taken that sufficient timber 
IS left round them to prevent their shearing the timber in the 
direction of the stress. 

The following proportions will be found suitable for bolts : — 

Diameter of head and nut ... If x diameter of bolt. 

Thickness of head f x ,, ,, 

Depth of nut 1 x ,, ,, 

Washers are flat discs of iron placed under the head and nut 
of a bolt to prevent them pressing into and injuring the timber. 
For soft wood they should be three and a-half times the diameter 
of the bolt, and for hard wood they may be two and a-half times 
this diameter. Their thickness should be from one-quarter to 
one-half the diameter of the bolt. 

43. Straps are often used instead of bolts to strengthen or form 
joints. They have the great advantage of not cutting through 
and weakening the timber. They are generally flat pieces of 
iron, about IJ to 2 inches in breadth, and with a thickness 
depending upon the quality of the iron and the stress upon 
them. 

Straps should be fixed as nearly as possible so that the stress 
may come upon them in the direction of their length. PI. XXVIII, 
B'igs. 5 and 6, show two examples of strapped joints. 
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44. Rivets would not commonly be used for joints in tte field, RiTets. 
and wlien used would require skilled labour ; but tte same 
principles which govern the design of riveted joints are employed 

in nailed joints between plank members, a very useful form of 
construction. 

In such joints careful attention must be paid to the arrange- 
ment, so as to secure uniformity of stress throughout the whole 
of the joint, and uniformity of transmission to the members 
which the joint unites. To secure this uniformity it is essential 
to avoid eccentricity of stress transmission. 

In the case of joints connecting members imder compression 
and butting against one another, it is not safe to rely on the 
members being so closely butted together as to transmit the 
stress direct, and the joint should therefore be designed of suffi- 
cient strength to take the whole stress if necessary through the 
rivets or nails. 

The great advantage of riveted or nailed joints is that thefaUurfe 
of one rivet or nail wiU not necessarily mean the failure of the 
whole joint, as it would in the case of a bolted joint. 

Single riveting consists of a single row of rivets at right angles 
to the line of the stress, uniting plates in any form of joint. In 
double, treble and quadruple riveting there are two, three or 
four rows respectively. In the case of the last three the joint 
may be chain riveted — that is, formed by lines of rivets in the 
direction of the stress, parallel to one another on each side of 
the joint ; or zigzag riveted — that is, lines of rivets so placed 
that the rivets in each line divide the spaces between the rivets 
in the adjacent lines. (PI. XXVIII, Figs. 7 and 8.) 

45. The employment of nails as fastenings has been mentioned Wails. 
in the preceding paragraph. A great many varieties of nails 

are in use, the more common of which, with the number in 
1 lb., are shown in Table N (p. 82). (See also Table 0. p. 83.) 

46. Spikes are a large variety of nails, generally from 5 to Spikes. 
10 inches long. They would be used with heavier timbers for which 
nails would not be suitable. They may also be used singly in 
smaller work instead of bolts. 

When driven through planks which act as ties, the spikes 
should not be closer to the ends than from 12 to 18 inches, and 
the heads should not be driven into the surface of the wood. 
Chisel-pointed spikes should be driven so that the edge is across 
the grain. 

A better spike is made by flattening part of the shank and 
then twisting it into a spiral when hot. This, if driven into an 
auger hole rather smaller than itself, holds well. The best 
augers for use, particularly for boring with the grain, are the 
bull-nosed augers. Great care is required in sharpening the 
augers used with iron fastenings, so as not to diminish the diameter 
close to the base where the cutting edges are, for if so diminished 
the cutting edges do not make a hole large enough to let the 
larger parts of the auger foUow. 
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The weight of spikes is given in Table N (p. 82). (See also 
Table 0, p. 83.) 

Drift-bolts. 47. Drift-bolts are long iron spikes with a point at one end and 
a head at the other. They are used for securing heavy timbers 
together, as in a trestle for a railway bridge. An auger hole 
slightly smaller than the. bolt should be bored for them through 
the first piece of timber, which would generally be against the 
grain ; but they will force their own way into the second piece, 
generally with the grain. 

Screws. 48. Screws are useful when the work may afterwards have to 

be taken to pieces, in cases where driving a nail might split the 
timber, for fixing ironwork, and in other cases where security 
■ is required without jarring the joint. 

Screws securing work likely to be removed should, if used 
in damp places, be of copper or brass, otherwise they wiU rust 
and be difficult to withdraw ; or some non-acid grease may be 
put upon the screws before driving them. 

Coach screws. 49. Coach screws are large heavy screws used where great 
strength is required in heavy woodwork, and for fixing iron work 
to timber. They have square heads, so that they can be screwed 
home with a spanner or wrench ; but they are frequently merely 
driven with a hammer. (Table N, p. 82.) 

Trenails. 50. Trenails are wooden pins, and are made of hard wood, 

used in a similar manner to nails and spikes. They are useful 
in cases where iron nails might rust or when they are not available. 
They should be cleft from the log if possible, to avoid cutting 
into the longitudinal fibres. They can also be made by preparing 
them roughly and then driving them through a nut or die-plate 
to shape them. The best section, however, is square or polygonal. 
An auger hole must be made for them, and it is customary 
to drive a square trenail in a circular hole, the diameter of the 
circle being equal to or a little larger than the side of the square. 
By putting one sledge hanimer against the trenail head and 
striking this hammer with a second one, a trenail can be driven 
without being split. If a longitudinal saw cut be made in the 
outer end of the trenail when the latter is in place, a thin wedge 
can be driven into the cut to tighten it. 

The average ultimate resistance to shearing per square inch 
of section for hard wood (oak, ash and beech) trenails has been 
found to be about 2,000 lbs. ; for soft wood, from 1,000 to 
1,200 lbs. Trenails of large diameter — 2 inches and over — are 
found to be stronger per square inch of section than smaller 
ones and shoidd be used in preference. 

Dogs. 51. Dogs are generally from 9 to 18 inches long and the teeth 

from 3 to 8 inches long ; the service patterns are 12 and 15 inches 
long, with 6-inch teeth. They are made of iron of section from 
i to 1 iQch, a square section being best. To get the greatest 
holding power, the spikes should have a length of from ten to 
twelve times the diameter or side of the iron. 
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Ttey are used for fastening frames of heavy timber, and the 
position of each must be chosen with the definite object of pre- 
venting a possible distortion of the frame ; they must be on both 
sides of the frame. The teeth must not be driven within 3 inches 
of the edge or 4 inches of the end of a piece of timber. It is 
usual to bore an auger hole for the teeth of a dog slightly smaller 
than the section of the iron. 

For straight dogs, the ends of the teeth should be slightly 
further apart than at their root. This causes the dog to draw 
the two pieces of timber together when driven. This drawing 
action must not be overdone on the first side of the frame to 
be dogged, otherwise when it is turned over it will be found 
impossible to draw the other edges together, thus leaving a gaping 
joint. 

Dogs when heated red hot can be twisted till their teeth make 
any required angle with each other, generally a right angle ; 
they are then known as skew dogs. It is important that 
skew dogs should be of the proper form and section, otherwise 
they cannot be driven securely. One tooth should be straight 
in shape and round in section, and should be driven first ; the 
other tooth may be square in section and in form must be an arc 
of a circle struck from the root of the first tooth. (PI. XXIX, 
Fig. 2a.) The weight of dogs is given in Table N (p. 82). 

52. Two parts of a wire rope or cable may be secured to one Fastenings 
another by clips made of wrought iron, shown in PL XXIX, fo'' ^ire 
Figs. 1 and 2. The ropes are placed in the clips and the wedges """P^^" 
squeezed in between them. The cup is then placed over the 

lower rope, the bottom plate put on, and the whole screwed up 
by means of the nuts, after which the wedges are jammed by 
means of the outer screws. 

Simpler forms of cKps wiU often be sufficient when the stress 
to be transmitted is small. 

A, wire rope may be secured to another type of member as 
follows : — A conical-shaped hole is made in the latter, through 
which the wire rope is passed; the strands are tlien opened out 
and a cast-iron plug driven in. The joint is finished by running 
the interstices with lead. (PI. XXIX, Fig. 3.) If an aUoy 
of antimony and lead is used the plug can be omitted, the ends 
of the wires being turned over into hooks at the ends. 

53. Lashings can be made of cordage, wire, wire rope and Lashings, 
chain. Certain forms of creepers can be used as improvised 
substitutes. 

Cordage contracts and stretches according to the degree of 
moisture it contains, and therefore does not make a reliable 
joint for any length of time, especially in water work. It is also 
liable to rot. Wire, wire rope and chain are more difficult to 
apply, but are more permanent. With wire lashings it is better 
to twist three parts of the wire together and then use this for 
the lashing. Much time is saved by this, as only one-third of the 
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turns are required ; and the lashings are considerably stronger, 
as it is found with lashings of single wire that only the top re- 
turns take the strain at first, and until these snap the lower 
ones do no work. 

Wedges with well-rounded points are often used for tightening 
lashings. They should be driven so that their points may be 
downwards, to prevent their dropping out. Wire lashings may 
be tightened by twisting the returns with a long nail where 
they pass from one member to the other. This nail can be then 
driven into one member. 
Square To lash two spars which cross one another, a square or transom 

lasMng. lashing is generally used. (PI. XXIX, Fig. 4.) A clove hitch is 

made round one spar (A), the lashing brought under the second 
spar (B) up in front of (A), down behind (B), up in front of (A) 
again, above the clove hitch, and so on, following round, keeping 
outside the previous turns on one spar and inside those on the 
other, so as not to ride over the turns already made. Foxir turns 
or more will be required. A couple of frapping turns are then 
taken between the spars round the lashing, binding the whole 
firmly together, and the lashing is finished ofi at once with two 
half hitches round one of the spars. Any spare end may after- 
wards be got rid of by winding it round one of the spars. The 
lashing must be well beaten with a stick to tighten it up while 
the frapping turns are being put on. 

When the spars to be lashed together are the leg and transom 
— that is, the vertical and horizontal spars — pi a trestle or frame, 
the clove hitch with which the lashing is begun should be put 
on to the leg below the transom. The turns of the lashing wiU 
then come outside previous ones on the transom and inside on 
the leg. The two half hitches which end the lashing should be 
on the transom outside the leg, so as not to be in the way of the 
road-bearers. Any spare end of rope should then be twisted 
round the transom and secured with one or more half hitches. 
■ The safe holding power of a square lashing can be taken as 
equal to four-fifths of the safe stress in the rope itself, miiltiplied 
by the total number of returns, of which there are four for every 
complete turn in the lashing. The fraction four-fifths is adopted 
to aUow for the fact that it is not possible to get an equal strain 
in all the turns, and some will therefore bear a larger proportion 
of stress than others. With wire lashings it is still more difiicult 
to equalize the strains, and the fraction is taken as three-fifths. 
In the lashings of trestles erected in muddy places care must 
be taken to prevent the lashing slipping on the leg, as the mud 
acts as a lubricant. 
Double If it is required to lash two spars to a third — as, for example, 

lashing. a, double transom to a leg — a modification of the square lashing 

can be used. Begin by a clove hitch round the leg below the 
transoms, take a turn round both transoms and round the leg 
below the clove hitch ; then take a turn round both transoms 
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on the otter side of the leg ; tl\.en take three partial turns round 
the leg and one transom, then a turn round both transoms, then 
three partial turns round the leg and the other transom, then 
a turn round both transoms on the other side of the leg, and so 
on, till su£B.cient turns have been taken. The turns should 
be outside those previously taken on the leg and inside on the 
transoms. Two trapping turns are then taken between the 
leg and each transom, and the lashing finished off in the usual 
way on one of the transoms. 

To lash two spars which require to be pulled by the lashing Diagonal 
into contact with one another — for example, the diagonals of a lashing, 
lashing or frame — a diagonal lashing is used. A running bow- 
line or timber hitch is put diagonally round both of the spars 
where they cross and hauled taut. Two turns are taken round 
besides this knot and then three turns across the other diagonal. 
Two frapping turns are put on, and the lashing is finished off 
with two half hitches round one of the spars, the loose end being 
disposed of as before. In the case of a trestle the spare end 
should be wound upwards on one of the spars to prevent it 
slipping down. (PI. XXIX, Fig. 5.) 

A rack lashing is used to fasten ribands, and consists of an Euck lashing. 
8-foot length of 2-inch rope, with a short stick at one end. 
Standing on the platform or roadway the point of the lashing 
is passed down between two chesses, under the road-bearer, 
over the riband and twice round itself 1 foot from the stick, 
so as to form a bight. The point of the stick is passed through 
the bight of the rope, and the stick is twisted round from left 
to right (against the hands of a watch) tiU the lashing is tight. 
Its point is then turned downwards and forced in between the 
lashing and the outside of the riband from right to left. 
(PI. XXIX, Fig. 6.) 

A small rack lashing may be used to stopper or rack the returns 
of a tackle. 

There are a'so certain lashings used for special purposes — as. Special 
for example, the lashing used to connect barrels into a pier lashings. 
for a floating bridge. These are dealt with when those special 
purposes are considered. 
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TABLE F. 
Timber in Compression. 





Ultimate Eesistanoe, 


Average Working 


Stresses. 




Pounds per Square Inch. 


Pounds per Square Inch. 


Kind of Timber. 


With Grain. 




With Grain. 










Across 
Grain. 






Across 
Q-rain. 




End 
Bearing. 


Columns 
under 15 
Diameters. 


End' 
Bearing. 


Columns 

under 15 

Diameters. 


White oak 


7,000 


4,500 


2,000 


1,400 


900 


500 


>, pme 


5,500 


3,500 


800 


1,100 


700 


200 


Southern, long-leaf or 














Greorgia yellow pine 


8,000 


5,000 


1,400 


1,600 


1,000 


350 


Douglas (Oregon) and 














yellow fir 


8,000 


6,000 


1,200 


1,600 


1,200 


800 


Northern or short-leaf 














J ellow pine ... 


6,000 


4,000 


1,000 


1,200 


800 


250 


Red pine 


6,000 


4,000 


800 


1,200 


800 


200 


Norway pine 


6,000 


4,000 


800 


1,200 


800 


200 


Canadian (Ottawa) 














white pine 


... 


5,000 






1,000 




Canadian (Ontario) 














red pine 




5,000 






1,000 




Spruce and Eastern fir 


6,000 


4,000 


700 


1,200 


800 


200 


Hemlock 




4,000 


600 




800 


150 


Cypress 


6,000 


4,000 


700 


1,200 


800 


200 


Cedar ... 


•6,000 


4,noo 


700 


1,200 


800 


200 


Chestnut 




5,000 


900 




1,000 


250 


California redwood ... 




4,000 


800 




800 


200 


„ spruce 


... 


4,000 






800 


.1. 





Timber in 


Tension. 








"Ultimate Resistance. 


Working 


Stresses, 


Kind of Timber. 


Pounds per Square Inch. 


Pounds per 


Square Inch. 




With Grain. 


Across Grain. 


With Grain. 


Across Grain. 


White oak 


10,000 


2,000 


1,000 


200 


„ pme 


7,000 


500 


700 


50 


Southern, long -leaf or 










Georgia yellow pine 


12,000 


600 


1,200 


60 


Dougla8{ Oregon )and yellow fir 


12,000 


• 


1,200 


... 


Washington Hr or pine (red lir) 


10,000 




1,000 




Northern or short-leaf yellow 










pme ... 


9,000 


500 


900 


50 


Eed pine 


9,000 


500 


900 


50 


Norway pine 


8,000 




800 




Canadian (Ottawa) white pine 


icr,ooo 


' 


1,000 




,, (Ontario) red pine 


10,000 




1,000 




Spruce and Eastern fir 


8,000 


500 


800 


50 


Hemlock ..." 


6,000 




600 




Cypress 


6,000 




600 




Cedar ... 


8,000 




800 




Chestnut 


9,000 




900 




California redwood ... 


7,000 




700 
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Table J. — Sample Minimum Breaking Loads from Government 
Specification. 



Kature of cordaj; 



Manila, 



Coir, 



Breaking load. 
Cwts. per (circ. in inclies)^. 



d, tarred , . . 


...5-ineli 


7-60 


» 


...2 




7-50 


rand, tarred 


...4 




6-25 


„ 


...3 




6-66 


>' jj 


...2 




6-75 


» ») 


...1 




8-00 


,, white 


...9 




8-15 


,, ,, 


...4 




9-06 


>» )> 


...1 


17 


32 -00 


„ tarred 


...5 




7-36 


t> )i 


...2* 




7-44 




...1 




9-00 


„ white 


...5 




8-10 


„ 


...2i 




9-60 


>» 


...1 




10-50 


)) J) 


...9 




1-58 




...5 




1-60 


j» 


...2* 




1-54 



Table K. — Experimental Breaking Loads of Commercial Cordage. 



Nature of cordage. 



Breaking loads. 
Cwts. per (circ. in inches) '. 



Hemp 



tarred 



Hemp 

Manila 

J) 

'J 
Cotton 



white 



(average) 


4-94 


...1 (maximum) 


8-31 


(minimum) 


3-19 


. . ' (average) 


(;-76 


(maximum) 


8-52 


(minimum) 


5-54 


(average) 


7-64 


(maximum) 


10-56 


(minimum) 


4-25 


. . ! (average) 


4-64 


. . ; (maximum) 


5-71 


(minimum) 


3-68 



Table L. — Experimental Breaking Stresses of Commercial Steel 

Wire Ropes. 



Nature of rope. 



Breaking stress. 
Tons per (circ. in inches) ^ 



Wire core, ungalvanized ... , , , ... (average) 3 '08* 

„ „ ... ... (minimum) 2 'SB 

„ galvanized ... ... ... ... I (average) 2 '62* 

* These figures are based on but few experiments ; in general they would 
be higher. 

(b 11133) • P 
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Table L — continued. 




Breaking stress. 


Nature of rope. 


Tons per (oiro. in inches)'. 


Hemp main core, ungalvanized 


(avei-age) 3 '20 




(maximum) 4 '51 




(minimum) 2 "43 


,, „ galvanized ... 


(average) 2 -70 




(minimum) 1 '92 


„ „ andstrand cores, ungalvanized 


(average) 2 '76 


„ „ „ „ galvanized ... 


(averagd^ 2 -25 | 




(maximum) 3 '52 
(minimum) 1 '77 


)) )) jj i> J) 



Table M. — Experimental Values of the Breahing Stresses of Iron 
and Steel Wire. 



Nature of wire. 



Breaking stress. 
Tons per square inch. 



Iron wire. 



.Steel wire 



average) 32 
maximum) 44 
minimum) 26 
average) 97 
maximumi) 142 
minimum) 46 



TABLE N. 

Nails. 



Vocabulary description. 


Length. 


Number to one pound. 


Nails, -wire iron, grooved 




6-inch 


15 








5 „ 


20 










4 „ 


35 










3 „ 


67 










2i„ 


72 










2 „ 


165 










H „ 


243 










li „ 


367 










1 ., 


894 


Eosehead, No. 128 ... 






4i „ 


26 


„ 126 ... 






3i „ 


40 


„ 124 ... 






2i„ 


59 


Cut, clasp 






14 ,. 


248 


Countersunk, No. 109 






H „ 


21 


„ 108 






2i „ 


29 


., 106 






2 „ 


45 


„ 104 






14 » 


104 
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Vocabulary description. 



Length. 



Weight each. 



Nails, iron 


spike 


No. 187 


10-inch 






J) 




„ 186 


9 „ 


fib. 




J, 




„ 185 


8i „ 


9^ ozs. 




'J 




„ 184 


7 „ 


81 „ 




„ 




„ 183 


6i „ 


7 „ 




)> 




„ 182 


5i „ 


3i „ 





Coach Screws. 



Vocabulary description. 



Length. 



Coach screws ... ... I 5-inch 

, S „ 

I 9 „ 

Dogs, railway and sawyers, straight ' 15 „ 

" » )j 12 „ 



Weight each. 



9 ozs. 
10 „ 
13 „ 

3 lbs. 

2 „ 



TABLE 0. 

This table gives the average results of tests made at Chatham 
to ascertain the holding power of nails. Except where stated 
the result is the average of three tests. The timber was sound 
seasoned deal free from large knots. Each end of the transom 
was similarly nailed, the nails being driven at right angles to the 
face of the timber. The nails failed in all cases by drawing 
their pointed ends. The spikes were driven with their chisel 
point across the grain of the timber of less thickness, that is 
with the grain of the baulk. They failed in every case by 
drawing out of the baulk. 



o 5 



3" grooved wire 
nails 



1 


A h 


2 


B 


3 


C 1 ) 


4 


D 


5 


E IJ 



II 



S-F 



2" 
deal 



1" 
deal 



o 

. 1 


g 
i 










B, =^ 






■s t 


o 1 


Eemarks. 


3 


% "■ 




■^•i 


it 










.^ 


O 




pq 


o 
Cwts. 




' Cwts. 


1 


r 3 


7-6 


1 


1 9 


15 




\ 13 


22-6 


j 


16-3 


36-3 




1 1^20 -6 


37-6 
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TABLE 0— continued. 



j3 I 


ttH 


^-l . 




-^3 


ew 


a 






is 


=>_«■ 


O m 


1 


% 
o 


O 


o 






to S 






1 


O 1 


1^ 


■" 1 




— 


ll 


iss 




-S 


5 




°^ 


Remarks. 




;:3 C4H 


03 Sg 


S " 


ta 


a o 


!3. 


<D " 






z ° 


■9 '^ 


ri 
1-^ 


O 
Hi 






















Cwts. 


Cwts. 




4" grooved wire 


1 


A 


' 






r 4-3 


11 


^ 


nails 


2 


B 


■p 




1" 

deal 


10-3 

■ 15-6 

18-6 


27 R 






3 

4 


C 
D 


2 
deal 


31-3 
51-3 


■ Ends not clenched. 




6 


E 


. 






(,20-3 


59 3 




4" groOTed wire 


1 


A 








r <> 


12 


~ 


nails 


2 


B 




2" 
deal 


li" 
deal 


10 


24-6 






3 
4 


C 
D 


-F 


- 15 
18 


34-6 

46 


■ Ends not clenched. 




5 


B 








22-6 


56-6 


^ 


4" grooved wire 


1 


A 


s 






f 8-3 


8-8 




nails 


2 


B 




2" 
deal 


2" 
deal 


15 


20 1 






3 

4 


C 
D 


■F 


- 24-3 
29 3 


30-6 

42 






5 


E 








40-6 


54-6 




5" grooved wire 


1 


A 








rii-6 


13-6 




nails 


2 


B 




2—2" 
deal 


2" 
deal 


19 -6 


24-6 






3 

4 


C 
D 


■ a 


- 27 '6 
44-6 


31-8 
55-3 






5 


E 


J 






57 '3 


68 




6" grooved wire 


] 


A 


^ 






'15-5 


18 




nails 


2 


B 




2-2" 
deal 


2" 
deal 


29-3 


37 






3 

4 


C 
]) 


-a 


- 47-6 
53 


58 
65-5 






5 


E 








L65-6 


90-3 




4" nails, clasp 


1 


A 


~" 






r 8-3 


8-6 




No. 86 


2 


B 




2" 
deal 


2" 
deal 


15 


20-6 






3 

4 


C 
It 


-p 


- 18 
25 


26 
36 






5 


E 








33 


48-3 




5" grooved wire 


1* 


A* 


, 


2—2" 
deal 


2" 


■23-6 


28 


*0n either side. 


nails 


2* 


B* 


■ H 


- 63 -St 


67 -St 


f Average of two tests 




3* 


C* 






.71 6 


85-6 


only J in third case 


















timber failed at 






' 












38 cwts. 


6" grooved wire 


1 


A 


K 


2—2" 


2" 


22 


32-6 




nails 








deal 


deal 








6" gro^ived wire 


1 


A 


E 


2" 


2" 


11 


15 


Projecting 2" 


nails 








deal 


deal 






clenched down. 


Nails, spike, 6" 






1 


12" X 
12" 
fir 

baulk 




rii 


14-5 




7" 
11 11 ' 






■ L 


9" X 3" 


17-3 


25-3 




11 11 8 






deal 


" 25 


36-6 




q" 
11 11 ^ 

11 11 6" 








9" X 2" 


20-6 
12-3 


40-6 
21-6 














plank 
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Graphical Determination of Section Modulus. 

Suppose the scale to be employed is 1/n, draw the cross-section, 
the modulus of which is to be determined, to this scale on a 
piece of squared paper. Draw two lines parallel to the horizontal 
dimension of the beam when in use, touching the extreme limits 
of the section, and let these lines be parallel to the lines on the 
squared paper. Draw a line parallel to and half-way between 
these two lines, and suppose the distance between this central 
line and either of the outer ones to be D. Choose some point 
in the central line as a pole, and proceed to find a " modified 
section " on either side of the central line, defined by the locus 
of the intersection of a line drawn from the pole to the foot 
of the perpendicular on the outer line from a point on the outline 
of the original section, with a line parallel to this outer line 
through the same point on the original section. From this 
first modified section obtain a second modified section in pre- 
cisely the same way. (PI. XXX.) Measure the areas of the 
original, the first and the second modified sections, above and 
below the central line respectively, by a planimeter or by counting 
the squares. Suppose these areas to be : Original area, a and 6 ; 
first modified area, ar and 61 ; and second modified area, a^ and 62 
above and below the central line respectively. Then the per- 
pendicular distance of the centre of gravity from the central 
line is — ' 

«! ~ h T^ 

re -^ D 

a + b 

the centre of gravity being on that side of the central line where 
the first modified area is greater, and the moment of inertia 
about a line through the centre of gravity parallel to the lines 
drawn is — 

I a + b i 

The section modulus of the cross-section will therefore be 
given by the expression — 

„ , L a + b } 



1 + " 1 ~ " 1 
a + b 



Regulations for Testing Spars, Ropes and Cordage. 

All spars used for instructional bridging should be tested 
annually. The test load should be the safe working load plus 
25 per cent. This should be applied centrally over the longest 
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span which the spar can cover. Pairs of bollards should be 
fixed in the ground to give clear spans of 10, 15, 20, 30, 35, 40 
and 50 feet, and the load should be applied by means of a wire 
rope extending from a winch to the centre of the spar. In order 
to measure the load, a " machine, testing and weighing," should 
be used. One of these is held on charge by the Army Ordnance 
Department in each command for issue on loan when required. 
The wire rope should be attached to one end of the machine, while 
to the other a sling should be fixed which should be fastened 
round the centre of the spar under test. The winch must be 
fixed to an anchorage amply capable of sustaining the load to 
be applied to any spar. 

The table given below contains the central test load for fir 
spars, the modulus of rupture being taken at 6,000 lbs. per square 
inch and the factor of safety at 3. 

The test will consist in noting the deflection of the spar under 
the load, seeing that it is not excessive and that there is no 
permanent deflection in the spar when the stress is removed. 
The maximum deflection generally permissible should not exceed 
about one-eightieth of the span. Spars which show an excessive 
deflection or a permanent set should be cast. In the case of 
light spars which are not intended to carry a load, e.g., handrails, 
a greater deflection than that mentioned may be allowed, pro- 
vided there is no permanent set. 









Central Test Loads f 


or 


Spars. 












Loads in cwt. 


§.S2 

■-< 


Loads in cwt. 


imfer 
spar 
les at 

tre. 


Span in feet. 


p So Qi ?; 


Span in feet. 


S -3 c 


10 


15 


20 


30 


g 'as 
go. So 


10 


15 


20 


30 


35 


40 

174 


50 


11 


3 


2 Hi li 


31 


70 


46 


35 


23 ! 20 


14 


12 


4 


2i 2 1 li 

34! 2*! 14 


32 


78 


52 


39 


26 ! 22 


19 


154 


13 


5 


33 


85 


564 
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MATERIALS. 



Part IIIa. 



Ropes and Cordage. 

The test load for ropes and cordage will be tte safe working 
load plus 25 per cent. This may be applied in a manner similar 
to the test load for spars, use being made of the " machine, testing 
and weighing," for measuring the load. The rope or cordage 
should be laid out at full length along the ground, one end being 
connected to the barrel of the winch and the other passed through 
the sheave of a single block and made fast to itself by two half 
hitches. The block is hooked into the testing machine. The 
object of the block, which contains a swivel, is to allow the 
rope to unlay itself. 

For steel wire rope the test loads are given below. These are 
calculated on the assumption that the breaking strain equals 
7/4 C* in tons and that a factor of safety of 3 is used. Should 
the rope be known to be of a superior quality to this, the test 
loads may be altered accordingly. 

Test Loads for Steel Wire Rope. 



Circumference in inches. 


Loads in cwta. 


1 


14i 


H 


88 


2 


58 


2^ 


90 


3 


130 



It wiU not be easy to apply test loads to 3-inch ropes and 
upwards on account of their magnitude. If it is not possible 
the ropes must be carefully examined throughout their length 
for signs of weakness. The circumference of worn ropes should 
be accurately measured and the working load reduced accordingly. 

For hemp cordage the test loads are given in the following 
table. In this the loads are calculated from the two formulae: 
C^ cwt. and 2 C^ owts. The actual load to be applied in each 
case must be determined between these limits according to the 
condition of the cordage. 



Test Loads for Hemp Cordage. 






Loads will vary according 


to condition of 


Circumference of 


cordage. 




cordage in inches. 






From — 


To— 




cwts. 




cwts. 


1 


li 




2i 


li 


2i 




5i 


2 


5 




10 


2i 


8 




16 


?, 


Hi 




221 


H 


15^ 




31 


4, 


20 




40 
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Section V.— ACCESSOEIES REQUIRED FOR BRIDGING 
OPERATIONS. 

1. Blocks are used for the purpose of changing the direction of Blocks. 
ropes and of gaining power at the expense of time. They are 
identified by their material, number of sheaves and length of 
shell. 

The main parts of a block are the strap, pin, shackle or hook, 
shell and sheave. 

The framework of the block consists of two parts — the strap 
which holds the pin on which the sheave revolves and to 
which a shackle or hook is attached for carrying the weight, 
and the shell whose principal use is to prevent the rope slipping 
ofi the sheave. The shell of an- iron block is made in one 
piece with the strap. 

The sheave is made of metal — iron in the case of iron blocks, 
and brass or gunmetal for wooden blocks or blocks of a superior 
type. The diameter of the sheave is dependent on the size of rope 
to be used ; if the sheave is too small the strength of the rope, 
especially if wire rope is used, is seriously diminished, and a 
proportion of the power is lost. On the other hand, the smaller 
the sheave the lighter the block. A rough rule holds with wooden 
blocks that the length of the shell is three times the circum- 
ference of the largest rope it wiU take. Iron blocks have a shell 
of a less proportionate length. There is a tendency in practice 
to use a wire rope of the maximum size that will work in the 
sheave. But this is a mistake, as it brings a very unfair stress 
on the rope. For wire ropes, a good rule is to use a sheave whose 
diameter is six times the circumference of the rope. The sheave 
revolves on the pin which is fixed in the framework of the block. 

One, two or three sheaves may be fitted in one frame, and 
the blocks are called single, double and treble. Single blocks 
are sometimes made with a cut in one side of the shell, so that 
a rope can be admitted without passing its end through. Such 
blocks are known as snatch blocks. 

A becket or eye is fitted to the other end of the block from 
the hook, to which the standing end of the fall is attached. 

2. Ordinary tackles are composed of one or more blocks, rove Taoiles. 
with a rope or fall. 

The fall is the rope employed to connect the blocks. 

Reeving is the operation of passing the fall round the sheaves 
of the blocks. 

The standing end is the end of the fall made fast to one of the 
blocks. 

The running end is the loose end of the fall, to which the 
power is appUed. 

The parts of the rope between the blocks are known as returns. 

To overhaul is to separate the blocks. , 
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EecTmg. 



Leading 
blocks. 



To round in is to bring them closer togetter. When the 
blocks are as close as they will go, they are said to be chock a 
block. 

Ropes which are to be used for reeving tackles should be well 
stretched, or the blocks will have a tendency to twist. This 
can be done conveniently by making one end fast to a swivel 
and applying power to the other ; the rope can then unlay as 
it is tautened. 

A tackle is rove by two men, standing back to back, 6 feet apart. 
The blocks should be on their sides between the men's feet, hooks 
to their front, and the coil of rope to the right of that block at 
which there are to be the greater number of returns. Beginning 
with the lowest sheave of this block, the end of the fall which 
is to be the standing part is passed successively through the 
sheaves of both blocks from right to left, and then made fast 
to the proper block. The standing end is usually secured to 
the beoket by two half hitches. The half hitches should be as 
close up as possible, and very little spare end left for seizing, 
so that the blocks may not become chock unnecessarily soon. 

With tackles for a heavy lift, it is better to reeve the faU so 
that the running end comes off the centre sheave. To do this, 
pass what is to be the standing end of the fall through the centre 
sheave of one block, then through the centre sheave of the 
other, next through either the lower or upper sheaves of each 
block consecutively ; one return will cross the centre one, but 
as they wiU be moving in the same direction the friction will be 
trifling. 

A convenient way of overhauling a heavy tackle is to secure 
the block from which the running end comes off to some holdfast 
and to place a handspike in the hook of the other block, with 
a drag-rope made fast to it. To overhaul the tackle, the hand- 
spike and drag-rope are manned, while one or two men overhaul 
the returns from the standing block. Rounding in is the con- 
verse ; the men on the handspike and drag -rope hang back, 
while a few men heave on the running end. The handspike 
is to keep the tackle out of the dirt, which would clog the sheaves. 

With long, heavy tackles, it is better to reeve the blocks the 
working distance apart, to save overhauling after reeving. 

In order to allow the motive power to be applied favourably 
on the fall, a leading block is often required. This is made fast 
to a holdfast, close to the ground, properly placed so as to give 
a good lead to the fall which runs through it. A snatch block 
is frequently used for this purpose. It is often necessary to 
lash the fixed block of the tackle to a spar. The method is as 
follows : — The back of the hook is laid against the spar, a clove 
hitch made on the spar above the hook and several turns taken 
round the hook and spar, finishing off with two half hitches 
below the hook. The number of turns necessary depends on 
the stress coming, on the block and on the rope used for the 
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lashing. With cordage the stress allowable in each return of the 
lashing is four-fifths of the safe stress in the rope, this fraction 
being used to allow for unequal distribution. With wire rope 
the allowable fraction is three-fifths, as the lashing is more difficult 
to adjust equally. The total stress on the lashing is the stress on 
the block multiplied by the secant of half the angle included by 
the returns of the lashing. In practice it is accurate enough to 
multiply the stress on the block by IJ to give the total stress 
on the lashing. 

The fixed block can also be hooked into a sling. Slings shotdd 
be so adjusted that the splice is not round any edges nor over 
the hook. They should not be left to adjust themselves, but 
should be so arranged that the stress may be equally divided 
between aU the returns. For heavy lifts chain sUngs should 
be used. 

The weight to be lifted will generally have to be connected 
to the movable block by means of a sling, and the same pre- 
cautions must be adopted in adjusting it. Heavy weights with 
edges, projections or corners should be carefully padded with 
old sacking or suitable pieces of wood to prevent damage to the 
sling. If the sUng is arranged in two portions its return should 
cross over the hook. (PL XXXIII, Fig. 1.) The stress in 
the sling is found in the same manner as for the lashing of a 
block. The nearer the point of suspension is to the weight, the 
greater the stress on the sUng. 

In tising tackles care must be taken to prevent the running Anti-twisters. 
end of the fall from pressing against the shell or from twisting 
the blocks. If the tackle twist a complete turn, the power 
required is increased over 40 per cent. To prevent twisting, 
a handspike can be placed between the returns close to the block 
and kept in its place by two lashings at its ends, or a crowbar 
can be lashed at the top of the block in the required position. 
With light ruimer tackles it is usually sufficient to lash the 
handle of a maul to the block. The lashing should be passed 
round the head and up the handle to prevent the maul working 
out. Reeving long tackles, so that the running end comes ofi 
the centre sheave, wiU do a great deal to prevent twisting. A 
properly stretched fall and the use of anti-twisters on the blocks 
wherever practicable, or other preventive measures, will amply 
repay the time and trouble expended on them. 

3. Theoretically, with frictionless blocks, the power necessary Actual 
in any system of tackle of two blocks to raise a weight or over- iJ'd^a^tage 
come a force, is that weight or force divided by the number of ^g^kg ^ 
returns of the fall at the movable block, including the standing 
end of the fall if that is made fast to that block. In practice, 
the unavoidable amount of friction very seriously diminishes 
the theoretical mechanical advantage. The loss of power involved 
in this way may be considered under three heads. 

Firstly, the friction of the parts of the rope against each other 
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or against the shell of the block. This can be diminished by 
keeping the returns parallel and preventing the blocks twisting. 
The loss from this cause may vary from nothing up to any 
amount, as it is quite possible if the tackle is twisted sufficiently 
to stop all movement. 

Secondly, the friction between the sheave and the pin. This 
cause is present in all blocks and cannot be entirely eliminated. 
A great deal can be done by taking care of the tackle, and seeing 
that it is well lubricated. 

Thirdly, the power used in bending the fall round the sheave 
and straightening it again. This cause is always present. It 
is greater with wire rope than with cordage, and with tarred 
cordage than with white. To allow for the efiect of friction, 
a certain fraction of the theoretical power is added for each sheave 
in the tackle, including any leading blocks, to obtain the power 
that wiU actually be required : — 

W 

P=:(T(l+fn) 

where P is the power actually required to lift the weight or 
overcome the force, W the weight to be lifted, G the theoretical 
advantage or number of returns at the. movable block, f a co- 
efficient of friction, and n the total number of sheaves. 

The value to be given to the coefficient f depends on the con- 
dition of the tackle. With tackle in excellent condition it may 
vary from i to y o i foJ^ average tackles with falls of tarred 
rope it may be taken as ^, and for tackles in bad condition may 
be as high as \ or more. 
Types of Broadly speaking tackles can be used vertically or horizontally, 

tackles. and can be thus divided into lifting tackles and runner tackles. 

In either case it is generally necessary to lead the running end 
of the fall ofE in a horizontal direction, in order that the power 
employed may work in the most advantageous manner. It 
will thus be seen that in general, lifting tackles have the running 
end of the fall coming from the fixed block and also passing 
through a leading block, and runner tackles have the fall coming 
from the movable block, with no leading block. 

Following the above division, the more ordinary tackles may 
be grouped as follows : — 

I. Lifting or main tackles. 

(1) Single fixed block. (PI. XXXI, Fig. A.) 
' (2) Two single blocks, known as a single whip. (Fig. B.> 

(3) Whip upon whip. (Fig. C.) 

(4) Single and double block, known as a lufi tackle. 

(Kg. D.) 

(5) Two double blocks, known as a gun tackle. (Fig. E.) 

(6) Double and treble blocks, known as a light gyn tackle. 

(Fig. F.) 

(7) Two treble blocks, known as a heavy gyn tackle. 

(Kg. G.) 
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II. Runner tackles. 

(1) Single movable block, known as a single whip. 

(PI. XXXII, Fig. A.) 

(2) Whip upon whip. (Fig. B.) 

(3) Two single blocks. (Fig. C.) 

(4) Single and double block, known as a lufE tackle. 

(Fig. D.) 

(5) Two double blocks. (Fig. E.) 

(6) Double and treble block. (Fig. F.) 

(7) Two treble blocks, known as a heavy gyn tackle 

reversed. (Fig. G.) 

The power required for these several tackles, to lift a given 
weight or overcome a given force, can be seen by inspection on 
Pis. XXXI and XXXII. 

4. It has been found by experiment that squads of men, up to Motire power. 
60 in number, can exert about half their weight on a horizontal 

fall. Two or three men, p ullin g upwards or downwards, can 
each pull more than this ; but more cannot work together. 
With men of average weight, their puU can be taken as 80 lbs., 
or J cwt., according to the unit employed. A smaller fall than 
3 inches is difficult to haul on, and wire rope is harder to haul 
on than cordage. 

When greater motive power is required than can be obtained 
from men alone, one of the machines to be described presently 
must be used. 

The amount of stress in the beam or anchorage to which the Stress at fixed 
fixed block is secured can be taken as the power required on the Wock. 
tackle multiplied by the number of returns at the fixed block. 

5. Steadying ropes should be securely attached to the weight Practical 
and used to regulate its position gently, especially when hfting P°™ ■' 
out of the perpendicular and also to prevent surging or swinging. 

When a weight has to be left suspended by a tackle if working 
at all near its safe limit, the fall should be eased ofi a little after 
raising, to distribute the stress in the returns. 

The weight may be left suspended by fastening any two opposite 
returns of a tackle together, so that the blocks may retain their 
relative position, although the running end be let go. This is 
known as racking a tackle, and a rack-lashing may be used to 
stopper the returns of a tackle in this way. 

For other practical points to be attended to in the arrange- 
ment and use of tackles, see " Garrison Artillery Training," 
Vol. Ill, 1911, Chapter VII. 

6. Crane chain may also be used as a fall, but should be Use of chain 
thoroughly soaked in oil. If it is rusty the excess of power ^^^1'- 
required over the theoretical amount may be as much as 30 per 

cent, for each sheave. If well lubricated it should not be more 
than that required for cordage. 

7. A differential tackle consists of two imequal pulleys, keyed DifEerential 
on to the same shaft and revolving together. An endless chain tootles. 
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is passed round both pulleys, with two bights hanging down. 
One of these bights carries the weight hooked to a small pulley 
travelling on the chain, while the motive power is applied either 
to the other bight, or in the case of the larger sizes to a separate 
chain passing round another pulley geared to the main pulleys. 
The theoretical gain of these tackles is considerable, that of the 
J-ton tackle being about 16 and of the IJ-ton tackle about 
34 ; while that of the larger sizes with the extra pulley is even 
greater. To allow for friction, the theoretical power required 
should be increased by about one-third in the case of the simple 
form and by about one-half in the case of the form with the 
extra pulley. 
Field capstan. 8. The Service pattern of field capstan weighs about 4 cwts., 
has a vertical barrel and is worked by two capstan bars. The 
frame of the capstan is secured to pickets or some other holdfast, 
which must be capable of withstanding the stress exerted by the 
capstan. 

The running end of the fall is passed at least four times round 
the barrel, the end coming ofi above the turns, the other end 
being attached to the weight to be moved. The running end 
must come to the capstan at right angles to the axis of the 
capstan, a leading block being employed if necessary to make 
it do so. The running end is held by two or more men. If 
difficulty is found in holding on to the running end owing to 
the barrel being slippery, another turn should be taken round it, 
but on no account should sand or grit be placed on the rope 
to make it bite. Before taking the weight the turns must be 
shifted to the top of the barrel and the slack rove in by hand. 
Before lowering the weight, the turns should be shifted to the 
bottom of the barrel. The barrel is conical to facilitate the turns 
slipping up when hoisting ; it is therefore difficult to keep them 
down when lowering and they are consequently inclined to jam. 

The number of men on the bars varies with the power required, 
but two, or at the most three, are all that can work at the end 
of each bar. By " swifting " or joining the ends of the bars 
with rope 16 men altogether can work, eight on the four ropes. 

The theoretical gain of the capstan is about 13, but in practice 
the actual pull obtained is approximately as given below : — 



Number of Men on Capstan. Cwts. 



Number of Men on Capstan. 



Cwts. 



1 


12 


1 

9 


54 


2 


20 


10 


58 


3 


25 


11 


62 


4 


30 


12 


66 


5 


35 


13 


70 


6 


40 


14 


74 


7 


45 


l,""! 


77 


8 


50 


16 


80 



Sec. V. ACCESSORIES required for bridging. 95 

In working up to the maximum stress there is a risk of splitting 
the capstan head. 

A substitute for a capstan may be formed out of a stout wheel, 
laid upon its face on the ground with an axle put into it, fitted 
with a round piece of timber as the- barrel of a capstan, and 
bars to work it lashed across the head. (PI. XXXIII, Fig. 2.) 

9. Winches are mounted on vertical wooden frames, which must Winches. 
be secured to the ground. They have a horizontal barrel, round 
which the turns of the fall are taken in the same way as in the 
capstan. The power is applied to a handle at each end, and 
further mechanical advantage is gained by the power being 
transmitted through toothed wheels. The system of gearing 

is generally such that there is a slow and a quick purchase, the 
weight to be lifted determining which is to be used. 

The theoretical advantage depends on the gearing and can 
be worked out in the usual manner for any particular winch. 
Unless kept well lubricated, an excess of power through friction 
losses of at least 25 per cent. wUl be required. 

When lowering light weights the brake may be employed ; 
but it must be done slowly, the faU kept in hand ia rear, and 
the handles should be removed. When lowering heavy weights 
the brake may be used to assist, but the handles must be manned 
and the weight kept well under control. 

There are several service patterns of gyns, which combine Service gyns. 
3ome form of windlass or winch with the frame of the gyn. 
Paras. 16-21 describe how to extemporize them, and other means 
of lifting weights in the field. 

10. There are three varieties of jacks used in the service : — Jacks. 

(1) The general service jack, which consists of lever arms, 

and wiU lift up to J ton. 

(2) Screw jacks, which have a vertical screw worked by a 

ratchet and lever. They will lift up to 5 tons, and 
also generally have a traversing motion. 

(3) Hydraulic jacks of different sizes, lifting from 7J to 

30 tons. There are several different patterns, but they 
all work on the same principle, that the pressure per 
square inch on a small area of a plunger worked by 
a hand lever wiU be same as the pressure per square 
inch on a large area, which consequently raises the 
weight. 

Jacks must be treated with care and kept free from any grit 
or dirt. 

For lifting weights, jacks must be used vertically and if 
possible in pairs. It is most important to follow up the weight 
with packing, which must be carefully arranged. 

Jacks may also be used to exert a thrust in other directions 
than the vertical. 

11. A lever cart or devil cart is convenient for lifting timber. Lever carts. 
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It consists of a pair of wheels, an axle and a pole secured to the 
centre of the axle, with its butt projecting from 1 to 2 inches 
to the rear and furnished with a hook. (PI. XXXIII, Figs. 3 and 4.) 
The wheels are run over the centre of gravity of the log, and a 
rope or chain sling passed under it and hooked to the butt of the 
pole, which is lowered by raising the tip ; the latter is then 
pulled down, which raises the log, to which it is then lashed. 
Large wheels are convenient, as large logs can then be dealt with. 
A cart of this nature can be improvized out of any strong 
pair of wheels with a good axle. 
EoUers. 12. EoUers are solid cylinders, generally made of some hard 

wood, and vary in diameter and width according to the purpose 
for which they are required. They give no mechanical advantage, 
but substitute resistance to rolling in place of friction. The 
power required to move a weight on a level planked roadway 
on hard wood rollers varies from one-sixteenth of the weight to 
start it to one-twenty-fifth to keep it moving. On soft ground 
the power required is largely increased, and lashings or projec- 
tions on the weight offer considerable resistance to movement. 
If the weight is also being moved up an incline, the component 
of the weight must be added to the power required. The direc- 
tion of a weight moving on rollers can be altered by adjusting 
or " cutting " the rollers. This adjustment of rollers necessitates 
an increase in the power. 

Further information on the subject of rollers can be obtained 
from " Garrison Artillery Training, Vol. Ill," Chap. XVI. 
Holdfasts and 13. In many forms of bridging, and in many of the operations 
anchorages, connected with the raising of weights and so forth, fixed points 
are necessary, to which cables may be attached. Such fixed points 
consist of holdfasts, anchorages and anchors. In securing a 
cable to a holdfast, from which it may be necessary to ease off, 
at least one complete turn must be taken before making fast, 
otherwise when the stress is on it is difficult to cast off. 
Natural Suitable holdfasts may sometimes be found in the shape of 

holdfasts. trees. They must be examined to see if they are sound or not, 
and their strength depends not only on their size, but also on the 
nature of their growth, as some trees strike their roots further 
into the ground than others. 

Ready-made holdfasts may sometimes also be found, as, for 
example, ring-bolts ; but they should not be trusted until care- 
fully examined. 

Holdfasts can be made by placing baulks across openings in 
masonry. In such cases the stress should be distributed over 
a large surface by placing planks for the baulk to bear against. 
Slings round piers of arches may be used, but all corners should 
be protected by wood, or the rope itself parcelled to prevent 
chafing or cutting. 
Picket For comparatively small pulls in ordinary soil, holdfasts made 

holdfasts. of pickets or groups of pickets may be used. The pickets may 
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be'improvised, but the service pattern, known as " park pickets," 
are more convenient. The latter are made of ash, shod with an 
iron point, hooped with iron at the other end to prevent sphtting, 
and frequently provided with a ring at the top. The usual 
lengths are 2 feet 6 inches and 5 feet. 

These pickets may be used singly for a small pull, and are 
generally driven at right angles to the Kne of the pull, but they 
are more frequently used backing each other up. Several com- 
binations are possible : 1—1,1—1—1,2—1,3—2—1. (Pl.XXXIII, 
Fig. 5.) In all such cases the pickets should be parallel and 
at right angles to the line of the cable. The lashings connecting 
the several pickets should be at right angles to the pickets, and 
should come from the head of the picket in front to the ground 
level of the backing-up picket. These lashings should be racked 
up tight with a " Spanish windlass." The backing up may be 
done by a horizontal log buried in the ground. (PL XXXIII, 

In driving pickets of different sizes the strongest should be 
nearest the weight. It has been found that a 3-inch park picket 
of ash 5 feet long, driven 3 feet into loam at a slope of 2 : 1 
began to yield with a pull of 14 cwts. applied at the surface 
of the ground at a slope of 1 : 2, and when the pullwas increased 
to 1 ton the picket broke at the surface of the ground ; this was 
a failure of the picket. The same pickets, similarly driven 

2 feet and 1 foot, drew at a pull of 11 cwts. and 9J cwts. respec- 
tively ; this was a failure of the ground. 5-foot pickets, driven 

3 feet into the ground, should safely stand pulls as under in 
good ground : — 

Single picket ... ... ... ... ... 7 cwts. 

1 — 1 picket holdfast 14 ,, 

2—1 „ „ Iton. 

■ 3—2—1 „ „ 2 tons. 

Unless the ground is very soft the strength of the pickets will 
generally be the ruling factor. For pulls greater than 2 tons 
a log may be used in conjunction with a series of 1 — 1 picket 
holdfasts. ■ (PI. XXXIII, Fig. 8.) This should safely stand 12 cwts. 
per holdfast. There should be the same number of holdfasts 
on each side of the cable, and they should be symmetrically 
arranged with respect to the cable. Care must be taken that 
the log bears equally against all the pickets in the front row. 
The log should rest on the ground and sufficient soil be removed 
to allow the cable to be passed round it. Sometimes the log 
is raised on packing to allow the cable to be passed round it 
more easily ; but this is a dangerous practice, as it largely in- 
creases the stress on the pickets. The rear edge of logs of square 
section should be sunk in a shallow trench to give them a fair 
bearing on the pickets. This also lowers the centre of pressure 
on the pickets. 

(B 11133) a 
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Drawing 
pickets. 



Eook In rock or masonry, similar holdfasts can be made by drilling 

holdfasts. Qj. jumping holes, into wHcli crowbars are jammed as tightly 
as possible. Wire ties can be used for the backing up lashings, 
or a short length of chain with some tightening arrangement, 
such as a screw link. The heads of the crowbars should be set 
up to prevent the ties slipping ofi, in case the bars bend. Bent 
bars (PI. XXXIII, Kg. f) are stronger than straight bars. 
The leading bar should be about Ihe same diameter as an iron 
wire rope strong enough for the given stress, provided the rock is 
sound enough. When the rock is not very sound or when large 
enough crowbars cannot be obtained the arrangement shown 
in PI. XXXIV, Figs. 1 and 2, may be used. Holdfasts erected on 
a pier or masonry escarp will sometimes have to be made on a 
vertical face. (PI. XXXIV, Fig. 3.) 

In drawing all pickets and crowbars, care should be taken that 
they are drawn out in the same line as that in which they have 
been driven, otherwise they are apt to be broken. Heavy pickets 
may be drawn with a light gyn or with a lever cart or with jacks. 
5-foot pickets are generally drawn with lever as follows : — Pass 
a clove hitch on a soft rope or on a chain round the lever and 
pickets, take in the slack and pass the ends round the pickets in 
opposite directions two or three times, twist them together and 
hold on while the lever is lifted, the fulcrum being in rear of 
the pickets. Pickets should never be loosened by hitting them 
sideways with a maul. 
Anchor piles. 14. Stout pickets may be driven under water in the following 
manner, and form what are known as " anchor pUes " (PI. XXXIV, 
Fig. 9) : — The head of the picket or pile is fitted into a sort of 
"dolly," which is made of a spar, to the foot of which is spiked 
a metal socket. 

The spar must be of such a length that its head is always a 
convenient height above the water level. 

The socket may be formed of stout iron piping and should 
project about 5 or 6 inches from the foot of the spar. The head 
of the picket or pile should be slightly rounded to fit the socket 
loosely. About 15 inches down it is bored to take a " grummet," 
or spliced loop of rope, 2 feet long. 

The end of the cable which is to be attached to the anchor- 
age is passed down through the grummet, up alongside of the 
spar, and tied with a bowline to its standing part at the same 
level as the top of the spar. Both parts of the loop formed in 
the cable must be lashed to the spar near its head to prevent the 
picket or pile dropping out of the socket while being lowered. 

The picket or pile is driven by blows from a maul, or pile 
driver, on the head of the spar. 

After the pile has been driven up to the head or deeper in 
soft mud, the cable is cast oS from the spar, and the latter is 
hauled up by a rope secured near its head. 

Piles 4 inches in diameter and 3 feet 6 inches and 4 feet long 
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have been driven in from 10 feet to 14 feet of water in five or six 
minutes. Suet a pile, when hauled on at an inclination of 1 : 10, 
has stood a pull of 5 cwts. 

15. The best form of anchorage for heavier pulls is some Buried 
arrangement of logs buried horizontally, with or without the anchorages. 
addition of sheeting to distribute the pressure. 

The strength of such an anchorage should be considered from 
two points of view : — 

I. That of the log itself, which must be strong enough 

against cross-breaking, or shearing, at the cable. The 
calculations for this are similar to those already con- 
sidered in Sec. IV. 

II. The resistance of the ground must be sufficient to with- 

stand the pressure that will be brought upon it. For 
this purpose it is best to consider the surface exposed 
to the earth as split up into a series of horizontal strips, 
each strip about a foot wide. 

The resistances offered by different types of earth depend 
upon a variety of factors. The following expression embodies 
the results of experiment : — 

1 

r = — wcP . /i . sin 2 (1 . 5 — sin a) 

Where— 

r = safe resistance in lbs. per square foot. 

s = factor of safety. 

w = weight of earth in lbs. per cubic foot. 

d = mean depth of anchor beam in feet, measured perpen- 
dicularly to surface of ground. 

h = vertical height earth will stand when freshly cut. 

(f) = angle of repose of earth. 

a = inclination of pull to horizontal or, on sloping ground, 
angle between cable and ground surface. 

This expression is given in the form of a chart (PI. XXXV), 
from which the necessary figures can be taken. 

The holding power is reduced if the soil becomes wet. This 
can be allowed for by reducing the height at which the earth 
wiU stand vertically. 

It has been found by experiment that the holding power of 
an anchorage made of round or half-round timber is the same 
as that of one made with square timber, the length of one 
face of which is equal to the diameter of the round timber, and 
that when the face of the anchorage is several feet deep the 
total resistance is not less than the sum of the resistances of 
each foot in depth. The simplest form of an anchorage of this 
description is a single log buried horizontally in the ground. 
(PI. XXXIV, Fig. 6.) An anchorage of a bundle of logs is nearly 
as simple. (Fig. 8.) The cable or ties are taken round it and 
brought up to the surface. 

(B 11183) G 2 
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The face of the trench should be as nearly vertical as possible, 
and the trench should be about 2 feet longer than the anchor log. 
The log is placed on short poles over the hole, lowered with ropes, 
and the earth filled in over it and rammed, except at the places 
where the cables wUl come. These are kept open by walls of 
sods or sandbags, and grooves to the rear as well wiU make it 
easier to pass stifE cables round the anchorage, though light cables 
may be passed round before the log is lowered. These cable 
trenches may be filled in when the bridge or whatever it may be 
is completed, though it is often more convenient to keep them 
open for subsequent adjustment. If filled in, the roadway over 
the excavation can be made good with fascines and protected as 
far as possible from the draining in of surface water. The width 
of the cable trenches must be added to the calculated length of 
the anchor log, for these portions will ofEer no resistance. In 
the chart (PI. XXXV) this allowance is already made. When 
the cables are of hemp they should, if buried, be protected by 
being tarred or served with tarred canvas. 

If the anchorage is required for any length of time, it is better 
to substitute an iron girder, an old gun, or a reinforced concrete 
beam, for the log, which is liable to rot, and to bring iron tie 
rods to the ground level, as these do not offer such a large surface 
to rust as a steel cable. 

In all cases the corners of the log should be rounded or packed 
in some way, to avoid making a sharp bend in the cables. The 
rule given in para. 35, Sec. IV, should be used. 
Oompoeite When great holding power is required, an anchorage consisting 

anchorages, pf ^ sheeting of planks or logs, resting against posts inclined so 
as to be at right angles to the direction of the pull, is best. Behind 
these posts is a large beam, to which the cables are secured, 
and which distributes the pressure along the posts. The position 
of this beam should be such that the resistance of the earth 
above and below it may be equal. (PI. XXXIV, Figs, i and 5.) 
Should it be necessary to construct a holdfast of this nature 
when only a short baulk is procurable, three or four large planks 
may be laid in front of the baulk to distribute the pressure. 

If the soil is wet with small holding power, it may be necessary 
to form an anchorage as follows : — Two baulks are bolted near 
the feet of the posts, which may afterwards be driven tiU stopped 
by the baulks. These baulks keep the posts from lifting. Hori- 
zontal sheeting is now put down, which, in some cases, it may 
be necessary to face with hurdles, planks or sheet piling. The 
heads of some or all the posts are supported by props, which 
butt on broad footings. (PI. XXXIV, Fig. 7.) 

The following table has been prepared as a guide to the holding 
power of common earth, on the following assumptions : — ■ 

Weight of earth, 90 lbs. per cubic foot; angle of repose, 
30° ; 5 feet standing height when freshly cut ; factor of 
safety. 
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16. Table of the holding power of dry loam earth : — 
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Mean depth. 

of Face of Anchorage 

below Suiface. 



Inclination of the force drawing the arohorage (in i 
direction perpendicular to its face), and corre- 
sponding safe resistance in lbs. per square foot 
of anchor-face. 



Holding 
, power in 
loam. 



Vertical. 



1 foot 


70 


1 foot 6 inches 


...' 350 


2 feet 


290 1 


3 „ 


600 


4 „ 


... 1,050 


C „ 


.... 1,700 


6 „ 


... 2,400 


7 „ 


... 3,200 



110 

250 

410 

950 

1,750 

2,800 

3,800 

5,100 



150 
320 
580 
1,300 
2,200 
3,600 
5.100 
7,000 



IfiO 
360 
650 
1,450 
2,600 
4,000 
5,800 
8,000 



175 
390 
700 
1,500 
2,700 
4,100 
e,000 
8,400 



After the soil became wet the holding power was observed to 
be somewhat lessened. 

The following example will show the method of use of this Examples, 
table : — 

How deep must a log 18 feet by 15 inches be buried in good 
ground in order to safely resist a tension of 63,000 lbs. ? 

The effective length of the log in resisting this pull wiU be that 
portion which bears against the face of the excavation and the 
length of timber which lies across the grooves, for the cables 
must be deducted from the total length of the timber. These 
grooves will probably be 1 foot 6 inches wide each, so that the 

effective length of the log is 15 feet. 

5 
The area of the face of this log is therefore 15 x -irsquare feet, 

and the pulling force per square foot is -^ ?— = 3,360 lbs. 

Assuming that the cables slope at f , we find on referring to the 
table that a mean depth of 5 feet is required, giving a safe 
resistance of 3,600 lbs. 

If the slope of the pull was _.^, the approximate resistance per 

square foot to a tension at this slope could be obtained from 
the table by taking the mean between the figures given under 
h and J. 

This table may also be used to determine the ultimate resistance 
of an anchorage of the pattern shown in PI. XXXIV, Fig. 4. In 
this case the holding power of each horizontal log should be 
ascertained separately, and the sum of these values will represent 
the total holding power of the anchorage. 
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Anchorages 
on rocky 
ground. 



Anchor 
holdfasts. 



When shallow soil overlies disintegrated rock there may be 
insufficient holding ground for pickets, or for a sunken beam 
holdfast constructed in the usual manner, and the underlying 
rock, although too shaly or split to hold crowbars, may yet be 
too hard to admit of excavation. 

In such cases the difficulty may be met by sinking a long and 
strong beam as far as practicable — say, its own depth — in the 
surface soil, and keeping it from rising by laying a platform of 
planks over it and weighting it down with sandbags, earth, 
rocks or any available material. The beam, so long as it is kept 
from rising, wiU exhibit great holding power. 

An anchorage of a similar nature, but a little more elaborate, 
consists in securing the individual bridge cables to thimbles, 
which are threaded on a steel bar. On this same bar, and alter- 
nately to the thimbles, are threaded the eyes of a number of 
wrought iron rods, about 10 feet long, and having other eyes at 
the other ends, but turned at right angles. Through these eyes 
are placed vertical jumpers bedded in a mass of rough masonry. 

Sheers and so forth have sometimes to be employed on sea fronts 
under circumstances when it becomes necessary to make use of 
anchors, laid out as moorings for the fore guy. 

To obtain a reliable holdfast under these circumstances, it is 
necessary to consider the following points :-^ 

I. The nature of the holding ground. 
II. The number and size of the anchors available. 
III. The stresses to be provided against. 

The further out the anchors are laid, the more horizontal will 
the stress be that comes on them, and consequently the less the 
probability of their being lifted from their bed. The exact 
spot where each anchor is to be let go should have been decided 
upon beforehand and buoyed. 

To guard against the anchors falling over on their side and so 
failing to take hold, a handspike may be lashed to the stock. 

It is well to let the anchors remain under water for a day 
after being laid out before putting a stress on them, in order to 
give them time to settle down. 

Chain cables are preferable to rope for making fast to anchors, 
especially where the ground is foul or rocky. The shore end of 
the cable to which the fore guy of the sheers has to be attached 
should be buoyed until required. 

This form of holdfast is not very reliable, and when used 
with sheers inward heel should be avoided when possible. The 
safe holding power of anchors is dealt with in Sec. Vlf of 
Part IIIb. A stress one and a half times as great as the maximum 
liable to be thrown on the anchors should be exerted on the 
moorings by means of winch power before they are taken into use. 
This will serve as a test and will also make the anchors take hold. 

Anchors used as holdfasts not under Water can be secured 
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by burying one fluke, and placing a baulk inside tte crown at 
right angles, and driving pickets in front of the baulk. This 
arrangement may be further strengthened by driving pickets 
in front of the stock. 

Use of Sfars. 

17. Derricks, sheers and gyns are used for raising weights from Introduction, 
the ground, either for the purpose of taking them from or putting 
them into boats, carriages and so forth, or of changing their posi- 
tion, particularly in girder erection. A gyn allows a vertical 
lift orJy ; sheers allow the weight to be lifted and moved along 
a straight line from front to rear, or conversely ; a derrick allows 
it to be lifted and moved to the right or left, as well as to the 
front or rear. 

For more detailed descriptions of these machines, and for the 
precautions that should be adopted in carrying out any heavy 
Work of this nature, reference should be made to " Garrison 
Artillery Training, Vol. III." 

The cubic contents and the weight of any spars that are to be Commoa 
used, whether square or round in section, can be obtained as details. 
described in para. 7, Sec. III. If no lever cart is available for 
carrying th^m they may be carried by men, the number re- 
quired being reckoned by assuming each man to lift about 
56 lbs. The men should be sized by the shoulders and arranged 
on alternate sides of the spar, being closer together at the butt. 
The spar should be lifted by word of command, and lowered in 
the same manner, the butt being lowered first. 

The length of spars for any of these machines wUl depend on 
the height to which the weight has to be raised ; and in the 
case of derricks and sheers, on the distance from the base at 
which the Weight has to be picked up. But their length should 
be kept as small as possible, as the tendency to buckle is thereby 
reduced. It must not be forgotten in this connection that the 
tackle employed will occupy about 4 to 5 feet, even when chock- 
a-block, in addition to any sling. 

18 Guys should be secured by clove hitches to tips of 
spars When long ropes are available the clove hitch may 
be in the centre, and the rope thus act as two guys. The 
best position for the guy holdfasts on level ground is at a 
distance equal to twice the efiective length of the spars 
from the base. When the ground is not level the position 
of the holdfasts should be so chosen that the slope of the 
guys remains the same as this — namely, 1 : 2. (PL XXXVIII, 
Fig. 4.) Guys that are attached to anchor holdfasts should, 
however, be at a flatter slope, not more than 1 : 3. 

A distinction can be made between " running " guys — that is, 
guys on which the weight will come during the operation — and 
those which are only necessary for the stability of the machine. 
In the case of the former, with heavy lifts it is an advantage to 
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have them of steel wire rope, as this does not stretch so much 
under a stress as cordage of the same strength. Every running 
guy, in all but the very lightest lifts, should be composed of a 
tackle, the arrangement depending on the weight to be dealt with. 
This should be the case, even when the weight has only .to be 
lowered by the guy and not lifted. If the hook of the block 
of the tackle is placed in a bight of another part of the guy, 
this bight should be protected by a thimble. 

Protection of this nature should always be given to a rope 
which would otherwise make a sharp bend, if not, the rope loses 
one-quarter to one-third of its strength, fhe guys should be 
secured to the head of the spars as nearly opposite one another 
as possible, and as near to the position of the sling or lashing of 
the lifting tackle as can be managed, to avoid transverse stress 
in the spar. For the same reason the leading block of the tackle 
should be as near the foot of the spar as possible. 

Foot-ropes will generally be required as a precaution in raising 
these machines, and, if a sound footing cannot be obtained in 
the ground, they will also be required while the machines are in 
use, especially when they are heleed over. For heavy spars it 
is better to use tackles for these foot-ropes. In all cases where 
foot-ropes are employed, they should be attached. as near the 
point of rotation as possible, so that the alteration in their length 
that has to take place during the operation of raising may be 
reduced to the minimum. 

The footings under these machines must be firm. To prevent 
the butts slipping sideways after they are raised, they are generally 
sunk in a hole about 1 foot deep. On soft ground, and where 
heavy weights are to be lifted, the pressure on the butts should 
be spread over a larger area by resting them on cross baulks or 
on shoes. In this case the butts shoidd be kept in their place 
by wooden cleats nailed to the baulks all round them. 
Standing 1,9. A derrick or standing derrick is a single spar with the butt 

derrick. on the ground, and the tip held steady in the air by ropes or 

guys, of which it usually has four at right angles to each other 
in plan. The block of the tackle may either be lashed to the 
spar or suspended by a sling passing through a slot in the head 
of the spar. The fall passes through a leading block lashed to 
the derrick near the ground. (PI. XXXVI, Fig. 1.) Alight cross- 
piece lashed to the spar below the sling attachment will keep the 
tackle clear of the spar. 

To raise a light derrick the spar is laid in the line from the 
footing to one holdfast with the butt nearly over the footing, and 
a foot-rope secured to the butt and to a holdfast on the same side 
of the footing as the spar and close to it. The four guys having 
been made fast to the tip and passed to their holdfasts, the tip is 
lifted as high as possible by hand, and, if necessary, supported 
after each lift by a light frame, which is moved gradually 
from the tip towards the centre of the spar. The back guy is 
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then hauled on, with a runner tackle if necessary, and the fore 
guy let out, until the derrick is in the desired position. The 
side guys will have to be watched and adjusted ; but if the 
lines joining the side holdfasts with the butt are exactly at right 
angles to the line joining those of the fore and back guys, the 
side guys will never need to be shifted. 

If a derrick is too heavy to be lifted by hand to the height 
at which the guys can be efiectively used, a lever must be used, 
as shown in PL XXXVI, Fig. 2. The lever is lashed to the 
guy by taking a number of turns round the tip of the lever and 
the guy and ending in a draw knot, the lashing being prevented 
from slipping down by a collar of rope. A long loose end should 
be left so that the draw knot may be pulled out from the gound 
level ; or, better stiU, by beginning with a clove hitch on the 
lever above the proposed lashing, and then passing round lever 
and guy with a succession of draw-knots formed from bights of 
rope. The lever must be provided with side guys, or it may fall 
sideways. The tip of the lever is then raised into the position 
shown in Fig. 2, the butt being close to the derrick. The pull 
on the guy will thus raise the tip of the derrick. When the 
lever is of no further use it will begin to rise ofi the ground, and 
should then be released from the guy by pulling the loose end 
of the lashing. PI. XXXVII gives, for difierent proportions of 
derrick and lever, the length of guy that should be left between 
their tips and the distances between their butts. It also shows 
the maximum pull required on the guy and the greatest stress 
in the lashing at the tip of the lever. 

For heavier derricks still a light derrick or pair of sheers must 
first be erected near its tip as it lies on the ground. 

Derricks can be erected in one place and moved or " walked " 
to another, the guys being carefully adjusted and the foot moved 
if necessary with foot tackles and checked by other foot-ropes. 
The safe limit of incline for derricks when in use is 3 : 1 ; but 
when first raised they should not be at a flatter slope than about 
5:1, as when the guys stretch the slope will become the limit 
of safe working. This limit of slope regulates the distance at 
which a weight can be picked up by the derrick, and if this distance 
is fixed the minimum height of the derrick is thereby determined. 

20. Sheers consist of two spars with their butts apart on the Sheers. 
ground and their tips lashed together and held steady in the 
air by a fore and back guy. A load lifted by sheers can be 
swung through between the legs by letting out the fore guy 
and hauling on the back guy, the fore guy being let out very 
cautiously as the sheers become nearly vertical. The fore guy 
may sometimes be dispensed with when necessary, as when 
loading a boat at a wharf or pier ; but in this case the sheers 
must always have a distinct lean outwards. Sheers are simpler 
to use than standing derricks, only requiring two holdfasts and 
guys, and do not require such heavy spars ; but they can move 
a weight in a straight line only. 
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To make sheers, two spars are laid with their butts flush together 
on the ground, but supported on a baulk near their tips. A 
clove hitch is then made round one spar about 3 feet from the 
tip, and the rope is taken loosely six or eight times round 
both spars above the clove hitch without riding. The lashing is 
then flapped two turns, as in PI. XXXVI, Fig. 3, and the end of 
the rope is made fast to the other spar by two half hitches just 
above the lashing. Any spare end to the rope may afterwards 
be got rid of by winding it round one of the spars. The butts 
of the spars are then opened out till their distance apart is about 
one-third the length of the spars from butt to lashing, and a 
sling is passed over the tork, as in PL XXXVI, Fig. 4. With large 
spars the feet should be separated to nearly their full extent 
before lashing, as otherwise the lashing is tautened too much. 
If the tackle is heavy it need not be hooked into the sling at 
first, but a whip must be secured near the tip of one of the spars, 
by which it can afterwards be raised. In securing the rope of 
the whip to the block of the main tackle for this purpose, it 
should be bent on the eye and not to the hook. The hook will 
then be free to be hooked into the two parts of the shng when 
raised, which would not be the case if the whip were made fast 
to the block itself. With large sheers, cleats for getting up to 
the top should be nailed to one leg. The legs should be prevented 
from splaying by tying them together, preferably by a ledger 
lashed near their feet, and footings must be prepared. The 
guys are made fast near the tips by clove hitches, in such a way 
that they will draw the spars together when the stress comes 
on them — that is, the fore guy to the rear spar and the back 
guy to the front spar. With very heavy sheers it is sometimes' 
advisable to put the guys right round the lashing. 

Sheers are raised in the same way as derricks. Up to 35 feet 
in length they can be raised by a lever, but heavy sheers are 
best raised by means of a derrick between the legs. 

Sheers can be walked after erection in a similar manner to 
derricks, the same precautions being adopted. The limit of 
their working slope is also the same, 3:1, with the same restriction 
to a slope of 5 : 1 when first erected. 
Gjns. 21. A gyn consists of three spars lashed together at the tips, the 

butts forming an equilateral triangle on the ground. It requires 
no guys, but can only be used for a vertical lift. 

To make a gyn, the spars are first laid with butts flush and 
then marked at the place where the centre of the lashing will be. 
The two outer spars are then left where they are, rather farther 
apart than their own diameter, while the third spar is laid 
between them so. that the marks on the three spars are in line, 
tips resting on a baulk, but with its butt in the opposite 
direction. 

A clove hitch is made on one of the outside spars and the 
lashing taken over and under the three spars loosely six or eight 
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times ; the lashing will then appear as in PI. XXXVI, Fig. 5. 
After which a couple of trapping turns are taken round the 
lashing between each pair of spars in succession, and finished 
o£E with two half hitches on the other outside spar. The two 
outer spars are then crossed till the butts are at a distance apart 
equal to about half the length of the leg, and a ledger or light 
spar is lashed across these two spars at about 1 foot from the 
butts. 

To raise the gyn, the l^ad is lifted as far as possible by hand, 
and the centre spar or pr)rpole brought in towards the centre 
of the ledger already fixed, either by a handspike lashed across 
it or by tackle. If the other end of the tackle is attached to the 
ledger first fixed, this must be allowed for in determining the 
necessary diameter of this spar. When the butts form an equi- 
lateral triangle two more ledgers are fixed on, so as to prevent 
the legs from shifting. A sling can now be passed over the 
lashing at the head if it has not been put on during the process 
of lifting. If the lashing at the Head has a tendency to slip 
down the legs of the gyn during its erection, a stout nail driven 
temporarily into the leg will prevent its doing so. 

22. A swinging derrick consists of a standing derrick with a Swinging 
swinging arm attached to it near its foot. The tip of this swinging derrick. 
arm is connected to the upright spar by a connecting tackle, and 
the main or lifting tackle is attached to the tip of the swinging 
arm or jib. (PL XXXVI, Fig. 6.) The upright spar is practically 
the same as a standing derrick, with the exception that as it will 
frequently be erected at the edge of a wharf or other place where 
it is not convenient to use a fore guy, a strut or struts must 
be used instead. A good method is to use two struts, each 
about half as long again as the upright spar, lashing the three 
together as in a gyn and then to erect it so that the standing 
derrick is vertical and the two struts are at right-angles in plan, 
and situated symmetrically with respect to the edge of the wharf. 
Two guys can also be used, one over each strut in plan, but 
secured to holdfasts at the customary distance ; or three guys 
can be used, one a back guy and the other two side guys, but 
set back about 20 degrees from the edge of the wharf, to allow 
room for the loads to be landed. It is important that these 
guys should not stretch too much, so that the upright spar may 
remain vertical. It is therefore better to make them of wire 
rope, and in any case a tackle should be included in them to take 
up any slack. (PI. XXXVIII, Fig. 1.) The stress in these guys is 
much greater" than that in guys for a standing derrick to deal 
with the same weight. 

The jib is most conveniently formed of two spars, lashed 
together at their tip, and separated at their butts to a distance 
about equal to the diameter of the upright spar. They are 
lashed about 1 foot or 18 inches from their butts to a stout cross- 
piece, and the end thus formed encircles the butt of the upright. 
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(PL XXXVIII, Pig. 1 .) The jib is supported by a length of chain, 
secured at its centre by a clove hitch round the upright and 
prevented from descending by a collar of rope, and each end 
secured to one of the arms of the jib. The latter is enabled to 
swing, under the control of two side guys or reins attached to 
its tip. The length of the jib may be of the same length as 
the upright. The inclination of the jib can be altered by the 
connecting tackle, and the radius of its circle of operation is. 
thus determined. The weight can b» lifted or lowered by the 
main tackle and the jib swung by the reins. The jib can only 
be swung right over the edge of the wharf on that side of the 
upright on which are the leading blocks of the main and connecting 
tackles. If it is necessary to swing both ways, duplicate leading 
blocks for the falls of these tackles must be provided. If one 
spar only is available for the jib it should be fastened to the 
upright spar, as shown on PI. XXXVIII, Fig. 3. 
■ It must be noted that the weight must be allowed to hang 
vertically from the tip of ihe jib. If it is hauled towards the 
butt of the standing spar, the thrust on the jib is greatly increased ; 
and if it is hauled away from this butt, the stresses in the back 
guy and connecting tackle are largely increased. If the weight 
has to be brought in otherwise than by swinging to a flank, it 
should be done by raising the head of the jib by means of the 
connecting tackle. 

Lever sheers. 23. Lever sheers (PI. XXXVIII, Kg. 5) can be used when 
only a vertical lift is required and when no fore guy can be 
used. They are foimed by a crutch supporting a stout spar, 
which is anchored at the foot. 

Back leg It is sometimes convenient in heavy work, where no fore guy 

can be used, to employ sheers with a movable back leg to act 
as back guy and strut combined. The head of this leg is secured 
to the crutch of the sheers, and its butt is constrained in some 
way to follow a horizontal baulk on the ground, so that it is 
strong enough to withstand either a pull or a thrust. The butt 
of this leg can be moved inwards or outwards by means of tackles, 
and the heel of the sheers thus altered. 

24. In girder erection it is often convenient to use a gallows, 
that is, a frame consisting of two upright spars, connected at their 
heads by a cross-piece, to which two or more tackles can be 
attached. Such a gallows will need side guys or other bracing, 
and also front and back guys. They are commonly used in pairs, 
one on either side of the gap, and in this case a connecting guy 
can be used as the fore guy of each of them. In cramped 
situations, such as the top of an embankment, where there is 
no room for ordinary bracing, the cross-piece may be long, 
and bracing taken from the. ends of that to the butts of the 
uprights. 

Calculations. 25. The design and details of stores required for a derrick, sheers 
or gyn, will depend on the weight and the height to which it is 



G-allowB. 



Sec. V. 



ACCESSORIES EEQTJIRED FOR BRIDGING. 



109 



to be lifted, and will also vary according to the stores obtainable. 
In any particular case, after the design and length of the spars 
has been determined, the stresses in the individual members 
can best be determined graphically. It must be remembered 
that the stress or thrust in any leg of a machine of these natures 
is increased by the tension of any fall whose leading block is 
lashed to that leg by the amount of that tension. For large 
jobs a special determination should be made of the stresses in 
the various members. 

The following table gives the stresses in terms of the weight 
lifted by the main tackle in the various members under the 
worst conditions obtaining in practice. These figures do not include 
an allowance to convert the live load into its equivalent dead 
load, but they do allow for the weight of the tackle and so 
forth. In the case of the swinging derrick, the proportions of its 
members are assumed to be those given above, and any alteration 
in these proportions will affect them : — 



Standing derrick — ■ 




Spar 

Running guys ... 

Other guys 


1-5 W. 

-sw 

•3W. 


Sheers — 




Leg with leading block 

Other legs 

Back guy 


•9W 

•7W 

r3W 


Gyn— 




Spar with leading block 


-ew 


Other spars 


-iW 


Swinging derrick — 




Upright spar 

Swinging arm ... 

Struts 


2-OW 

1-3W 

1-OW 


Connecting tackle 

Guys 


r7W 

1-5 W 



When the stresses in the members have been determined the 
size of the guys can be readily found. In the case of the struts, 
however, their length has also to be taken into account, and 
for this purpose reference should be made to Pis. XII and XIII. 
Other portions of these machines will also need consideration, 
such as the lashings at the heads of sheers and gyns, the slings 
of the tackles, the lashings at the leading blocks and so forth. 
With regard to the last, it is possible to reduce the stress in them 
by suitably arranging the position of the motive power, as shown 
in para. 4, Sec. V. The leading blocks should bo as near the butt 
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of the spars as possible, to reduce the transverse stress in the 
spars. 

Where derricks and sheers have to be erected on ground which 
does not give satisfactory footings, it may be necessary to 
determine the horizontal thrust due to the load at the butts of 
the spars, so as to see what will be required in the way of foot- 
ropes. If there is any doubt as to the stability of the structure 
on which the shoe or butt rests, it will also be necessary to 
determine the vertical pressure on the footing. 

The tackles to be used and the motive power for working them 
will need consideration. 
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Section VI.— ORGANIZATION OF WORKING PARTIES. 

1. In military bridging, as in all otter engineering work, 
success depends as much upon the administrative capacity of 
the engineer as upon his technical knowledge. 

2. The ideal to be aimed at is that when the bridging opera- 
tions have been commenced they should be carried through to 
completion without any check or delay. 

In order that this may be accomplished the following points 
must receive most careful attention : — 

(1) The design of the bridge must be that best suited to : — 

(a) The nature of the gap. 
(6) The material available. 

(c) The load to be carried. 

(d) The time and men available for work. 

(2) The preparation of an accurate estimate of the materials 

required. 

(3) Arrangements for transporting the material to the places 

where it is required at the proper time. 

(4) The preparation of a programme of the order in which 
the work shall be carried out. 

(5) An estimate of the labour required for each part of the 

work. 

(6) A review of the operation in order to forestall any 

difficulties which may arise while the work is in hand. 

3. In peace time, when time is no object, it may be possible 
to attend to these points before commencing work. On the 
other hand, on active service it wiU be found that work often 
has to be commenced at once, and that there is only time to 
make a very rough approxiqiate estimate of the actual require- 
ments. 

In order that wastage of time and labour may be reduced to 
a minimum the points noted above should receive attention 
during the progress of the work. 

4. The total number of men available is called the working 
party. The organization of the working party depends upon the 
number of hours which the construction of the bridge will occupy. 

In an emergency men can work 12 hours at a stretch. 

If required for longer periods they can work in alternate 
reliefs of 8 hours for 2 days. 

Beyond this the working party must be told ofi into three 
parties for reliefs of 8 hours each, i.e., 8 hours on and 16 hours 
off. 

5. The sequence of the several operations of the work 
having been settled, and the working party having been told 
off into reliefs, the successful organization of the working party 
depends upon the proper subdivision of each relief into gangs. 
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Eacli gang will be composed of such tradesmen and labourers 
as may be required for their portion of work, and will be placed 
under a competent ganger, who is responsible to the officer in 
charge for the work of his gang. 

6. By this arrangement the officer in charge is able to exercise 
general control over the whole work, and make such deviations 
from the original plan as he deems fit to meet emergencies as 
they occur. 

7. Below will be found a table which gives the approximate 
amount of time and labour required to construct certain types 
of military bridges. 

This table is based upon actual experience in the field, but 
can only be regarded as a very rough guide to the framing of 
approximate estimates of time and labour for such nature of 
work. 

The estimate may be taken to include all work necessary in 
ordinary cases, but does not include heavy work connected with 
approaches. 

The whole of the material required is assumed to be on the 
ground, at the site of the bridge. 





TABLE p. 






Type of Bridge. 


Designed to carry — 


Man-hours 
per foot run. 


Maximum 

economical 

party. 


Q-irder bridges ... 


Infantry in fours . . . 


10 


50 


— 




file 


8 


50 


Cantilever bridges 


)• >) 


fours 


8 


70 


Trestle bridges 




„ 


7 


60 


Frame bridges — 










Single look... 


„ J, 


)j 


3 


30 


Double look 


J. )> 


)) ■• • 


4 


50 


Single sling 


»> jj 




6 


70 


Treble sling 




,, 


9 


70 


Suspension bridges 


}) )> 




12 


40 


— 


n M 


file" '.'.'. 


10 


40 


Tension bridges 


j> 


fours . . . 


12 


80 


Pontoon bridges 


JJ 'J 


,, 


•75 


100 


Boat and barrel bridges 




„ 


4 


60 


Barrel bridges 


J) J» 


single iile 


1 


50 



Jeiate, I. 



c 



Fords 



fig_L 




Swimming Horses over River. 




aipuf 40' 
b-»r»--.-<-..^->tN t;-3 __— Men pulfing on rope 



Knot, fbr attaching 
Head Rope to 2 'endless 
cable for swimming hor^ses 
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Measuring Rivers and taking Sections. 
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Road Bearers. 
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Critical Span 

FOR MAXIMUM BENPfNG MOMENT 

PRODUCED BY A 



PAIR OF MOVING WEIGHTS on a SUPPORTED BEAM. 




CWTS.- Nn*n S - un^-nioiOo So? tons. 

SCALE OF WEIGHTS A. 

The Mfff always occurs undor the Heavier Weight, 
For spans less than the critical span , when it is at the centre of the span. 
For spans greater than the critical span, when it,and the centre of gravity 
of the two weights, are at equal distances from the respective supports. 

Enter the Chart by Scale A for the Heavier Weight and Scale B for the other Height. 

From the intersection, run the eye parallel to the diagonal lines giving the value 
of K, until the curved line, representing the distance between the weighta.is met. 

From this point, carry the eye along the transverse diagonal lines to the scale 
of critical spans . 

If the span in question is greater than the critical span, the position of the 
centre of gravity can be found by entering the Chart by Scale B for the 
Heavier Weight, and Scale A for the other weight. 

The intersection gives the value ofC, the distance of the centre of gravity 
from the Heavier Weight, expressed as a fraction of the distance between the 
weights. 
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2 3 4 



5 6 7 8 9 10 II 12 13 14 15 16 17 
MEAN DIAMETER OF SPAR IN INCHES. 



This Plate gives the safe Compressions in round Baltic Fir spars. It has been 
calculated for cases where the ends are "round" or nrhere the fixing is not suf- 
-ficiently good to consider them "fixed." The probable eccentricity of loading, 
due to lashings etc. and the effects of Hire loads, hai^e been allowed for by 
keeping the safe crushing stress as low as 1,000 lbs. per sq.mch. 

In the case of derricks etc.the compressions in the various ntembers.due 
to a weight W.are as follows, under the most unfavourable circumstances in actual practice 

Single derrick, ' 15 IV. Sheers, leg with leading block— 9 W. 

Swinging demckupnghtspar, 2QW. do. other leg. liV. 

jg jIIj^ l-iW. Gyn, leg with leading block,— -6 W. 

do. bach strut,- low. do. other legs. -^W. 

These curves are not applicable to spars that are transversely loaded in addition. 

Example: To find size of sheer 1^35 feet long to erutch.tc lift a treight of Z tons. 
Compression in leg with leading block is-S^Ztons^lBtons. Following down between the 
curves representing 30 cirti 2 tons, it is seen that the horizontal line representing an 
unsupported length of 35 feet is met at a point that indicates the use of a spar nearly IZ ins. 
mean diameter Compression in the other leg is 7'E tons =l-4tons and in a similar 
manner the mean diameter of ..his leg is found to be II iris. 



Malby&Sons.Li+h 



ptofe :xm. 



Curves for Compression Members. 




SIDE IN INCHES. 
SQUARE BAULKS. 







o 




i' 
"J 


/ 


s° 


'^\, 


^\^ 




-.-°" 






) 1 


/ 




/ 


/ 


/ 


/ 


/ 




/ 






/ 


/ 




/ 


/ 


/ 


/ 


/ 


/ 








/ 1 / 


t 




/ 


/ / 




/ 




/ 


/ 


20 
15 
!0 

5 


1 


i 


/ 








/ 


/ 


/ 




/ 


/ 


/ 


/ 


/ 


/ 


/ 


/ 


y 


y 




X- 


/ 




/ 




/ 


/ 




y 


y 


y 


X 








/ 


/ 


/ 


/ / 




^ / 




y 


/' 


-^ / 


/ 


. 


' / 




/ 


' / 


/ 


/ 


y 


y 


X 


' /' 


/ 


/ 


/ 


/ 


/ 


/ 


y 


/ 


y 


/ 


/ ^ 




/ 




/ 


/ 


/^ 


/ 


y / 




y 


-" / 


y 


^' 


/ 


/ 


/ 


/ 


/ / 


/ 


y 


y 


y 


, ^ 




^ 




/ > 




/ x 


/ 


/ 


y 


y J 


^ / 


^1 


^ 


^ 




' / 


/ 


/ 


/ 


y y 


^ 


' ^ 


y 






/ 


/ 


/ 


/ -- 


y 


y 




y - 


-• y 


--^ 


^ 




/ 


/ 


/ . 


'' y 


y 




y /I 


y 


■^ -1 


" ^ 




■^ 


/ 


/ 


-■ / 


y . 


■" y 


y 


^ ^ 


^^ 


^ . 


^ 






/ / 


/ 


/ / 




y 


y y 




■^ y 


- ^ 




U- ' 


h^- - 


/ 


y ' 


f y 


y^^ 




-^ ^ 


^ 


^ - 




y^,-''^ 


„,---^ 




/ . 


- y ■ 


-- -y 


y ■ 


y y 








^^■^ 


r ^.-^-^ 


,^^-^' 


^.-^ — 


y 








^O^ 


^^ ^^ 


'^^- — 


^„^ 




'^„,--^' 


_----^ 







^ ^. 


y'C^ 


^^,^^^ 




.--^^..^^ 


--^ 






___-.— -^ 




'^ ^__ 


^^^ 




-'i--^^ 


<::>--'_, 






-^^:3 


■ — !„.— -^ 


_.. — ' 


^-^-^ 




■^ 


^: 


^ 


^ 


.^ 


P^ 




^ 


;TTTi51 


■ DIH 


^CT C 


f«J«W 


KS, — 



*< a- 



LESSER SIDE. IN INCHES. 
RECTANGULAR BAULKS SIDES 2: r. 



This Plate gires the safe Compressions in Baltic Fir baulks . The snds have 
been considered "Round' i thg loading s/mmetrical. Safe crushing stress 
taken as 1500 lbs. per square inch. The curifes are not applicable to baulks 
transyersely loaded in addition. 
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This plats gives the safe compressions in Baltic Fir planks etc. The ends have been 
considered "fixed" and the loading symmetrical Safe crushing stress taken as 
1500 Ibs.per square inch, The curves are not applicable to planks transversely 
haded in addition. 
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Safe. Loads 
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J'late.XK. 



Knots 



Whipping at 
end of Rope 




Whipping . 




SeiTin^. 



lilA 




Ml 



I 3 2. 
3 Z I 

Gasket and eye. 




Fli. 8. 



ILtJ^ 



Use ef Sa/i/agee. 

Figure of 8. 
Thumb. H p,< 13 




EigJZ: 
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PlcvuXKI, 



Knots 



Double Sheet 

Bend. 
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picptcxxm. 



Knots 



Fig. I 




Sheet Bend 
on r/n^ of a Block 




F."i4 



Fig. 3. 



Blackmail [ 
Hitch 




Fig. Z. 




Running Knot 





Fig. 5. 




Slip Knot 




Cats Paw, on 
centre of rope 



Fig. 6. 



uain^ 




MaJbyASons.Lith 



Plate,:KXiy^ 



Slinging. Splicing 



Fig. I. 




Fii.2. 




Fi*.?: ^ 



^^4 








Fi4.4. 




Slingini a Cask 
Vertically 



Fig.s: 




Back Vrem. 



Forming eye splice 




Fij.S . 

A B 

Long splice 
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Making Wire Ropes. 



Template 



/. ^.Anchora^e 



..>';■": .1 Tyi/ister. 
Pulley Block 



Template 




Block 



Block 



, Block 





Substitution of Pickets 
fo r men, with thick wire 

Picket 

Fig.e. 



^^^^m^ 



Picket 



Picket 



Picket 




Small Pulley Blocks 



Plan of Pickets 
AND Blocks 



ELEVftTIQN OF 

End Picket 
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Joints and Fastenings 
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Joints and Fastenings. 





Joint between tie and strut. 




Joint with Clissfts on 
Trestle leg. 



U%J.- 
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Quadruple chain Hvetting- 



Joint with C/eat. 



Fig. 5. 




Strapped Joint. 



ng.6. 




Strapped Joint . 



Treble zigzag rivetting. 
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Plate XXX. 



graphica.l d et er m f n ati o n 
ofSection Woduuus. 




Orf^insl Sect/ o n. 
First. Modi fied Section. 

Second Modified Section . 

Construction Lines . 
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PlaUXXXI. 



MAIN OR LIFTING TACKLES 




•fiJ?-*-* I*P0WER REOUIREO 

Unselected Cordage 
Selected Cordage 
STE.EL Wire 
On Fall 
On Field Capstan 



Derived from the formula P -g (i+ a '^^ 

Where P is the Power required W the Weight to be lifted 

G the theoretical advahtage n, the NuNiaeR of Sheaves 
yU a coefficient for loss by friction at each sheave. 
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Fleeter loanr. 



RUNNER TACKLES 




CwTS 



. UhSELECTED CORDtSE 

i Selected Cordage 
Steel Wire 
0» Fall 
UN Field Capstan 



Derived fOom the formula P-? (l*/"i) 

Where P is tme Power required W the Weight to be moved . 

C THE THEORETICAL ADVANTAGE W THE KUMBER OF ShEAVES . 

/i A COEFFICIEMT FOR LOSS BY FRICTION AT EACH SHEAVE. 
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Appliances & Anchorages. 



IMPROVISED CAPSTAr4, 



Fii. 2. 




D E.V1 L CART . 

FOR MOVING LARGE TriVlBER. 




»r7~ ij — u i ii'iii' ' f ) 



^^^^^^^;^#^5i^^^^^^;^/^^^/-<^/;<^.^ 



EftLARGEMEW T OF HOOK ,-7 



Fig. 5 . 

3. 2 ,i . HOLDFAST 




<^lu> . .D/Ao, 






Fig- 6 - 




F.4. 8. 



^-is: Rock ^-20' 
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Plate. XXUV. 



nri. 



Anch o rages 



Fig. 2. 




0^-\Hofe for 
/Vv/wvv Grximmet 
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SOIL WITH COHESION 



Inclination \,Va' 
of PilII ^ '/2 



SOIL WITHOUT COHESION 






Angle of Repose of Earth 
15* 



^ Weight of Earth 
a'^Vj. 140 lbs per 

Co 




SAFE RESISTANCE OF BURIED ANCHORAGES 



Clean- tbySuHtl, Gravel Otot 



Moist Sand, ordinary surface Earth I to 5 
Wdldraiiied Loam S'to\0^ Compact Clay 9' to 12' 

Weight Angle of Rep€>se 

90 Veiy wet Earth, vret Clay 

100 Wet Sand, CmytltrUkSajid 

110 J>ryEttrth,dijClay,dTySa.nd 

120 Moist Earth , Shin^e 



Lenffth of Anchor 
3ecLTn 

lO' 



14 18 22 
12' 16' 20' 24' 



per 
Sq-Fti 

m,m 

50,000 



Breadth of 
—^Anchor Beam 
Q 15' 12', 9' 6' 



Jfiui . Itat* Earth 

0rdinajyLoa3iu,S!an.d,S/tinglt 

Gnwel 

Cloff, Chalk,LoaM.mtk<inud, 

£Zay with Gravel 




Clean Gravel, tnll'drained CLa^ 45 



Wken ground 

surface not horizon- 

tal^ tmke mclitvativn as 
angle between foitl and iurfate.. 



•~> For Soi l urith Cohesion, enter chart bv lines 
^ representing height soil will stand vertically till 

vertical rep: weight is met; fh»n intersection 

proceed parallel to lines- w till vert: rep: artqle 
of refMse is met^ from interi proceed par: to liyits x till 
vert: rep: factor of safety is met; from, inter: proceed 
par: to lines y till vert: rep: inclination of pull 

is met; fhom inter: proceed horizontally to Scale C. Join this point by a straight-edge to point on Scale A rep! 
mean depth of anchor heam; this will give jrafe intensity of resistctnce on Scale B. Proceed horiiontally Avm thi* 
point till vert: rep: breadth of anchor beam is met: from inter: proceed par: to line* z till vert: rep: length, of beetm. it 
m.et; from, inter: proceed horizontally to scale rep: total safe tetreas in lbs or tons at regaind. 

for Soil without Cohesion , such as shingle, enter by curved lines rep: angle of report till horuontal rep: inclination 
of pull is met; from inter: proceed vertically till inclined lines rep: weight of toil is met; from inter: proceed to 
-Sca/e D horizontally; from tnie paint proceed as before 
For accuracy it is advisable to find the various intersections by ruling pencil lints on the chart. 
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D E R R I C K S 




Fig.2. 







Fig. 3. 




Fi|. 6 




i^ota-- Frapp in^ turns 
are omitted so as to show 
the lashing. 
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Derricks and Sheers. 



M.R = M.F.-2AC. 
A.B.= i A.C. 



Edge of Wharf 




Upright Spar 
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MILITARY BOOKS, published by AatAantit—eontmuei. 
(As to prices In brackets, see top of pagre S.) 



The Oxfordshire and Buckinghamshire 

Light Infantry. 
The Prince Albert's (Somersetshire 

Light^nfanti-y). 
The Prince of Wales's Leinster Begi- 

ment (Boyal Canadians"). 
The Prince of Wales's Volunteers 

(South Lancashire Regiment). 
The Princess Gliarlotte of Wales's (The 

Eoyal Berkshire Regiment). 
The Princess Louise's ArgyU ' and 

Sutherland Higlilanders. 
The Royal Inniikilllng Fusiliers. 
Tlie Royal Sussex Regiment. 
The Royal Warwickshire Regiment.. 
The Royal Welsh Fusiliers, 
The Suffolk Regiment. 



Nursing Staff '■Regulations. Dec. 



Histories, Short, &c. — continued. 

Revised Editions. ■ IdL (Irf.)each: — 

Alexandra, Princess of Wales's Own 
(Yorkshire Regijnent). 

The Bedfordshire Regiment. 

The Black Watch (Royal High- 
landers). 

The Cameronians (Scottish Rifles). 

The Cheshire Regiment. 

The Duke of Wellington's West 
Riding Regiment. 

The Durham Light Infantry. 

The East Lancashire Regiment. 

The East Surrey Regiment. 

The Hampshire Regiment. 

The Highland Light Infantry. 

The King's Own Yorkshire Light 
Infantry. 

The Lancashire Fusiliers. 

The Northamptonshire Regiment. 

HOSPITALS. MILITAKY FAMILIES'. 

1909. Id. (Id.) 
HOSTILITIES WITHOUT DECLABATION OF WAB FBOM 1700 TO 

1870. 2«. (l*. 7<i) 
HYGIENE. ELEmENTAIlY MILITARY. Manual of. 1912. Bd. (6(i) 
INDIAN EMFIBE. OITB. A Short Review and some Hints for the use of Soldiers 

proceeding to India. 6dL (Gd') 

INFANTBY TBAINING. _(4-Company Organization.) 1914. 6a. (Bii) 

INSTITtTTES. Garrison and Regimental. Rules for the Management of. 1912. 

Id. (Id.) 
INTELLIGENCE DUTIES IN THE FIELD. Regns. for. 1904. 2d. (2*) 

ITALIAN CAVALBY TBAINING BEGULATIONS. 1911. Training for 
Marches, Tactics of Minor Units, and Training of Patrols. Translated. 4d. (3(i) 
JAMAICA. Standing Orders. 1912. U. (9d) 

JEBSEY. BOYAL MILITIA OF THE ISIiAND OF. Regulations. 1914. 
With thP Jersey Militia Law, 1905. Is. 3d. (lid) 

SING'S BEGULATIONS AND OBDEBS FOB THE ABMY. 1912. 

(Reprinted, with Amendments published in Army Orders up to Aug. 1, 1914). 

Is. (Is.) 
KIT PLATES:— 

Artilleiy. Royal — 

1. . Horse and Field. Kit in Barrack Boom. 1912. 2d. (2d) 

2. Ditto. Kit laid out for Inspection. 1908. 2d. 
6. Garrison. Kit laid out for Inspection. 1909. 2d (2dl) 

10. Ditto. Kit in Barrack Room. 1909. 2d. (2d.) 
Cavalry. 1891. Id. (Id) 
Engineers. Royal — > 

1. Dismounted. Detail of Shelf and Bedding, with Marching Order ready to 

put on. Detail of Shelf and Bedding, with Drill Order ready to put on. 
1914. IdL (Id) 

2. Dismounted. Full Kit laid out for Inspection in Barrack Room. 1914. 

Id (Id) 
4. Mounted N.O.Q. or Driver and Field Troop Sapper. Pull Kit laid out foe 
Inspection in Barrack Boom. 1910. . Id, (Id) 
Mounted. Detail of Shelf and Bedding. 1910.,, Id. (Id) 
Driver, with pair of Horses. Field Kit laid out for Inspection on Parade, 
including Articles carried in Valise on Baggage Wagon... 1899. Id, (lA^ 
Infantry — 

1 Kit in Barrack Boom. 1905. 24 (24) 

2. Kit laid out for Inspection. 1905. id. (2d) 

Highland. 1884. 14 (14) 

11 
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(24) 
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, MILITARY BOOKS, published bg Authoritiz—contmusi. 

(As to prices in brackets, see top of page 2.) 

Kit Plates — continued. 

Medical Corps. Koyal Army. Kit in Barrack Boom, 1912. 2d. (2*) 

Ordnance Corps. Army. For guidance at Marching Order and Kit Inspections 
2d. (2<i) 
LAND WABFABE. An Exposiition of tlie Laws and Usages of War on Land, for 

tlie Guidance of Officers of H.M. Army. Is, (lUi) , 

IiABG-B FOBMATIONS. The Operations of. (Conduite des Grandes Unites). 

Translated from the Field Service Regulations of the French Army, dated Oct. ii8, 

1913. 6d. (5(f.) 
LAW. Military. * Manual of. 1914. 2a (Is. 9d.) 
LAW FOB THE BESEBVE FOBCES AND IIILITIA. Manual o& 1886. 

Is. 6d. (Is. 2d:) 
BLACHINE-G-XTN. Tests of Elementary Training. Id. (Id) 
MACHINE GUNS AND SMALL ABMS, -SOS-inch. Nomenclature of Parts, 

Stripping, Assembling, Action, Jams, Missflres, Failures, and Inspection of. . 

Eevised Edition. 1913. 3d. (3d) ; Amendments, No. 1. Id' (Id) 

MAGAZINES AND CABE OF WAB MATEBIEL. Begulations for. 1913 

9d. (9d); Amendments, July 1914' Id. (Id) 
MAP BEADING AND FIELD SKETCHING- Manual. 1912. (Reprinted, 

with Additions, 1914). Is. (lid.) (^And see Schools, Army.) 
MECHANISM AS APPLIED TO ABTILLEBY; Notes on. Second edition. 

1902. Is. (lid) 
MEDICAL COBP^. Eoyal Army (and see Territorial Force) : — 

Admission to. Regulations for. Jan. 19r2. id. (Id.) 

Standing Orders. 1914. Is. (lOd) 

Training. 1911. 9d. (9d.) 
MEDICAL DEPABTMENT.; Army. Index to Appendices of Reports from 1859 

to 1896. 3d. (3d.) 
MEDICAL SEBVICE. Army. Regulations. 1906. (Reprinted, with Amend- 
ments, up to Sept. 30, 1914). 4d. (od.) 
MEDICAL SEBVICE. Strategical and Tactical Employment of the, as carried ont 

in an Army Corps ; with a series of Problems. Translated from the Austrian. 

4s. 6d. (3b. 4d.) 
MEDICAL SEBVICES. Army. A dvisory Board for. The Treatment of Venereal 

Disease and Scabies. First Report. 1904. Is. 6d. (Is. 3d.) ; Second Report. 

1905. 2s. (Is. 6d) ; Third Report. 1905. Is.' (lOd) ; Pinal Report. 1906. 

Od. (5d) 
MEDICAL SEBVICES OF FOBBIGN ABMIBS. Handbook of. Part I. 

Pk'ance. 6d. (5d) (Dnderrmswre); Part II. Gehmant. 6d. (5d.); Part III. 

AusTEiA-IIuNGART. 6d. (6d) ; Part IV. Russia. 6d. (pd) ; Part V. Italy. 

6d. (5d.); Part VI. Thb Nbthbklands AND Belgium. 1911. 6d. (5d.) 
MEKOMETBE HANDBOOK. 1911. 6d. (6d) 
MILITABY LANDS ACTS, 1892 to 1903. Byelaws. (fifee Artillery and Rifle 

Ranges Act, &c.). i 

MOBILIZATION Regulations. 1912. 6d. (6d) 

Ditto. Amendments, July 1913. Id. (Id) 

MXTSKETBY BEGULATIONS :— 

Part I. 1909. (Reprinted, with Amendments, 1914). 6d ' (7d) 

Part II. Bifle Ranges and Musketry Appliances. 1910. (Keprmted, with Amend- 
ments to Oct. 31, 1914). 4d. (4d) 
NIGHT OPBBATIONS. Elementary Training in. 1911. Id (Id.) 
NTJMBEB OF TBOOPS TO THE "SrABp in the Principal Battles since 1850. 

Memo. on. With opinions of Modern Authorities on limits of extension at the 

present day. 1884. 9d. (7d.) 
NUBSING. IN THE ABMY. Queen Alexandra's Imperial Military Nursing 

Service. Reprinted from " The British Medical Journal." 1905. Id. (Id) 
NUBSING SEBVICE. Queen Alexandra's Imperial Military. Regulations for 

Admission to the). 1914. Id. (Id.) 
OFFICERS TBAINING COBPS:— 

Regulations. 1912. 2d. (2d.) (^Under revision) 

Ditto. ' (Inns of Court). Id (Id.) • 

Special A.O., March 16, 1908. .Id.- (Id.) 

Junior Division. Instructions for the Annual Camps. 1913. 2d. (2d) 
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MILITARY' BOOKS, publisAeil by Authority — coutinnei 
(Aa to prices in brackets, see top ot paere 2.) 

OHBSATION ORDERS. A Technical Study, by Hans ton Kiesling. Translated 
from the German, li. 6d. (1& Set) 

OPTICAL MAITTJAIi or Handbook of InGtructiohs for the guidance of Surgeons. 
Third edition. 1885. 1». M. (U 3d.) 

OPTICS. Notes on. 6d. (Sd) 

OBANGE FREE STATE. Topographical Survey of the, 1905-1911. Eeport on 
the. 1U». (7<.) 

ORDNANCE COLIiEOE (n»rf see Artillery College):— 

AdTadced Classes (up to the 33rd.) Reports on. Each 1«. (Od.) 
Ditto. 3ith. 6d. (pd.^ 

Dynamics. Notes on. Second edition. 3s. (2«. 5(Z.) 

Officers' Mess (Boyal Artillery) Management and First Principles of Sook-keepiug. 
SA (3<i.) 

Ordnance Courses. Reports on. Each 1». (9iZ-) 

Begulatious. 1907. id. Qld.) 
ORDNANCE CORPS. Army. Standing Orders. 1,912. M. (6d) 
ORDNANCE SEANTTAI. (WAR). 1914. 6(2. (pd.) 

ORDNANCE. SERVICE. Treatise on. Seventh editinn. 1908. With volume 
of plates. 7«. 6d. (5«. 6<i); Amendments. June 1909, Dec. 1910, Dec. 1912. 
Each l>i. (Id.'); Do. Dec. 1909, Dec. 1911. Eafah 2(i {id.) 

ORDNANCE SERVICES. ARMT. Regulations: - 

Parti. 1912. (Reprinted, with Amendments published in Army Orders up to 
' Oct. 1, 1914). Qd. (6rf.) 

Part II. Instructions for Laboratories and Laboratory Operations, Examination of 
. Explosives and Ordnance. 1914. Is. (llrf.) 

PATHOIiOOICAIi SPECIMENS in the Museum of the Army Medical Department, 
Netley. Descriptive Catalogue of. Third Edition. Vol. I. By SirW. Aitken, 
M.D. 1892. 5*. (.?». id.) 

PAY DUTIES of OfEcers Commanding Squadrons, Satteries, Companies, Ac. 
Instructions. 1914. \d, (Icf.) ( UTider revision) ■ 

PHTSICAL TRAINING. Manual of. 1908. (Reprinted, with Amendments to 
Dec. 1, 1914). 9<i. 

PLACE-NAMES OCCURRING ON FOREIGN MAPS. Rules for the Trans- 
literation of. 1906. Is. (9(i) 

PORTABLE SUB-TARGET (Mark I.), and How to Use it. 1911. (Reprinted, 
with Amendments, 1914.) Id. (Id.) 

POSTAL SERVICES. ARMY. WAR. Manual of. 1913. 3d: (3d.) 

PROJECTION, &c. Linear Perspective. A Text- Book for use of the B.M. 
Academy. Part I.— *ext Part II.— Plates. 1904. 6s. (4s. hd.) 

PUBLICATIONS (RECENT) OP MILITARY INTEREST. List of. 

Quarterly. Nos. 1 to 8. 'id. (id.) each; Nos. 9 to 17. 4d. (id.) each. 

IContin/ued by Thb Army Rbtiew]. 
RAILWAY DISTANCES. Ireland. Handbook of. Third edition. 1884. 7s. 6d. 

(6». 3A) 
RAILWAY MANUAL (WAR). 1911. (Reprinted, with Amendments, 1914). 

6d. (5d:) 
RAILWAYS. MILITARY. RECONNAISSANCE AND SURVEY OP. 

Notes on, for Officers of B.B. Railway Companies. 1910. 2s. 3d. (Is. 8d;) 

RANGE-FINDER Handbooks :— „ 
Infantry. No. 1. (Marindin). 1913. 3d. (3d.) 

Infantry. No. 2. (Barr and Stroud). 31-5-inches base. 1913. Is. (IQd.) 

Watkin. Regulations for Instruction in, and practice with. 1882. Is. (9di) 

RANGE FINDING. COAST DEFENCE. Manual of. Part L 9d: (id.) 
Ditto. Amendments. June 30, 1914. Id. (Id) 
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UILITAUY BOOKSypuilUhedhy AiUhority^eanimasi.- . 

(As to prices iit brackets, see top of pagre S.) 

BiAi^aES, MINIATURE CARTRIDaB. X^printefl from Thb Abmt Eevibw, 
January 1914). 3d (3(f.) ' ' 

BECRTTITINa I<OB THE REaULAB ARM? AND THE SFEpiAZ< 

EESEBVE. Eegulatlons. 1912., (Eeprinted, with Amendments to Aug. Si, 
1914.) , 3d (3d) . 

REMOTJNT MANTTAL (WAR). 1913. 2d (2d.) 

REMOUNT RBaTJLATIONS. 1913. 3d (3d) 

REQUISITIONINGS' OF SUFFLllis, TRANSPORT, STORES, ANIMALS,, 

LABOUE, &c., IN THE f IBLD. 'Instructions for the. 1907. Id (lot) 

RESERVE (and see Motor Reserve ; Special EeserTe ; Territorial Force) : — 
(&.rmy Beserve. Class I. Begulations. 1911. Id (Id) 

Ditto. Amendments. June, 191B. Id (Id) 
National Reserve. Regulations. 191S. ' id. (la.) 

RIFLE RANQ-ES. Oare and Construction of. Instructions for. 1908. 3d. (3d) 

RIFLE RANOES, TRAINING GROUND, AND MUSKETRY CAMP, 

PENALLY. (Western Coast Defences). Standing Orders. 1910. 2d (2.d) 

RIFLES, &c. Cleaning oE. Notes on the. 1911. 26for6d (7d). 

RIFLES, SHORT AND CHARd^ER-LOADING,, MAGAZINE, LEE- 
ENFIELD. Handbook for Serjeant-Instructors ' of Special Eeserye, Oificers 
'Training Corps, and Territorial Force in regard to the Care, Inspection, &o.' of. 
i ' 3d (3d) - , ■ 

RUSSIAN MILITARY AND NAVAL TERMS. Dictionary, of. 1906, 
3s. 6d (2s. 6d) ; 

RUSSO-JAPANESE WAR;— 

Medical and Sanitary Eeports from Officers attached to the Japanese and Bussian 

Forces in the Field. 1908. 6s. (3s. lOd) • / " 

Official History. Part I. Causes of the War. Opening Events up to and including 
the Battle of the Ta-lu. ' Second edition. 1909. Is. 6d 
(Is. 3d) J Part II. From the Battle of the Ya-lu to Liao-yang, 
exclusive. 1908. os. (3s. 8d) ;, Part III tfhe Siege of 
Port Arthur. 1909. 4s. 6d (3s. 4d) j ParflV. Liao-yaog. 
1910. 48. (3sOi Party. Sha Ho. 1911. " 4s. 6d (3s. 6d) 
Official History (Naval and Military). Vol. L To Aug. 24, 1904 With case of 
Maps. 1910. 15s. (10s. 7d); Vol. II. Liao-yang, the 8ha-ho, Port Arthur 
With case of Maps. 1912. 15s. (10s. lOd) - ■ , 

Eeports'from British Officers attached to the Japanese and Bnssjan Forces in the 
Field. In three/ Vols., with two cases of Maps (jiot sold'sepwratelt/). 2is. (155.) 

SALISBURY PLAIN. , SOUTHERN COMMAND. Standing Orders appli- 
cable to all Troops Encamped on Salisbury Plain, and applicable generally tc 
Troops Quartered at Bulford and Tidworth. 1913. 3d ,(3d) 

"SAMtBROWNE" BEIiT, SCABBABD, and sword knot. Specifica- 
tion and Drawings. 1S99. Id. (Id.) 

SCHOOLS. Army:— 
.: Annual Eeports on. 1911-12; 1912^13/ Each Is. (9d) 
Map .Reading. Notes on. 1915. 3d (3d) 
■ (^Amd see Ma,I) Beading andTPield Sketching)., 
' 'Military and other Terms, and Words which occur in Orders. Lists of. 1914. 
id. .(2d)' • I 

Physiology^ Elementary. Handbook. 1901. Id (Id) 



For Teachers. 6d (6d) 



Regulations. 1911. 4d. (4d) 
School Hygiene. Handbook of. 
Singing in. Begns. for Teaching. 1911. Id. (Jd) 
Standing Orders for Inspectors, Examiners, and Teachers. 1910. 6d. (5d) 
Type Extercises ' of Extracts from Regimental Orders for use of Candidates for 
Third-class Certificates of Education. 1912. 3d.. (3d) - 
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MILtTABY BOOKS, pviliahed by Avthoritg-^-contmned. 

(As to prices in brackets, see tot>iof pa^e 2.) 

SCOUTS. Training and Use of. Lectnre by Col. P. 0. Carter. 1905. 2d. (2^) ^ 

SOSE'WS. Standard Leading , Provision of, for Bcrsw-outting Lathes. Beport of 
Committee. 1906. Is. (lOA) 

SEVASTOPOL. Siege of. 1854r-pb^ 3 vols., with Case of Maps and Plans. Half 
Mor., £5 is. Cloth, £i is. 

Or separately :~Yo\. I. Engineer Operations. £1 6». ; Vol. II. Ditto. With 
Case of Maps and Plans. jE2 lOs. ; Vol. III. Artillery Operations. 10». 
SEWAGE. Practical Treatment of. The latest development of. WdS. . 6(f. (5*)" 
SHOEBTJSTl'TESS GAKKISOIT. Standing Orders. 1913. Is. 6<^ (U 1(2:) 
SLEGE OPEBATIONS in the Campaign against Prance, 1870-71. (Von Tiedemtam.) 

Translated. 4«. 6<i (3». 3d) 
SIGNAIiLING DISC. Dii^eetions for nse. 19U. Id. (Id) 
BIOITAIjIjING. Training Manual. 1^07. (Beprinted, with Amendments to May 1, 
1911). (Out of print); Amendments. Nov. 1912, May 1913, April 1914. 
!fiach 1(2. (lii); Appendix IV Despatch Elding, Xdi '(l(i) 
SIGNALLING. Training Manual. Part IL Por the nse of the Divisional Signal 
Companies and Intercommunication Personnel of Units in Divisions, other than 
Ist to 8th Divisions, of the Intercommunication Personnel of Units of the Territorial 
Force other than Signal tfnits and B.Gr.A. Coast Defence Companies, and of 
Signallers of King Edward's Horse. 1914. 6d. (ad.'). 

Ditto. Appendix I. Telephone Cable Drill. Artillery. Id. (Id) 
Ditto. Appendix IL Telegraph Cable Drill. 2d. (2d.) 

SIGNAL SEBVICE. THE AKMY. Id. (Id.) 

SIGNAL SEKVICE. ARMY. Manual of— "W^. Provisional. 1914. 2d. (2d.) 

SHALL AKmS Text-Book, 1909. With Tables. 2«. 6ii (2«. l<i) 

SMALL "WARS. Their Principles and Practice. Third Edition. 1906. (BeprirUed, 

1909). 4«. (38.) 
SOMALILANS :— 

Military Beport on. 1907. Vol. I. Geographical, Descriptive, and Historical. 

2a. (U 7ii) 
Operations in, 1901-04. Official History. Vol. I. B«. (2s. 4d) ; VoL II 4s. (3s.) 
SOUTH AFBICAN "WAB, 1899-1902 :— 
Medical Arrangements. 7s. 6d. (5s. 6d) 
Medical History. An Epidemiological Essay. [Eeprinted from "The Journal of 

the Royal Army Medical Corps."] 3s. 9d. (2s. yd) 
Bailways. 4s. (3s.) 
Surgical Cases Noted. 7s. 6d. (5s. 6d.) 

Telegraph Operations. 10s. (7s. Id.) '■ 

Voluntary Organizations in aid of the Sick and Wounded. Beport of the Central 
Britisli Bed Cross Committee on. 1902. 3s. (2s. 5d) 
SPECIAL EESEBVE :— 

OommisBion in the Special Beserve of Officers. Short guide to obtaining a ; &c. 

Id. (Id.) 
Begulations for Officers of the Special Beserve of Officers, and for the Special 

Beserve. 1911. id. (id.) 
Scheme for the Provision, Organization and Training of the Special Beserve 
required to supplement the Eegular Army, and the Appticiation of the Scheme 
to the existing MiUJia. (Special A.O., Dee. 23, 1907.) 2d. (2d) 
Schema for the Provision, Organization, and Training of thfit portion ivliich- will 
be drawn from the Territoi-ial Porce to suppjement tlio Kegular Army on 
Mobijization being ordered. (Special A.O., Nov. 20, 1908). id. (2d) 
STAPF COLLEGE Begulations (Camberley). 1906. Eeprinted with Amendments 

up to Nov. 30, 1910. Id. (Id.) 
STAJFE. General, iuties Of the. (Von Schellendorfi,) Fourth Edition. 1905. 

(Out ofprmt) 

STATIONS OF UNITS OF THE BEGULAB FOBCES, MILITIA, 

' SPECIAL EESEBVE, AND TBEBITOBIAL FOECE. Quarterly up to No. 45, 

July J.914. Each 2d. (2(i) (Fubiication suspended) 

STATUTES relating to the War Office and to the Army. 1880. 5s. (3s. 9rf,1 
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MIUTAR Y BO OKS, published by AtrfAOT%— continued, 

(As to prices in brackets, see top of pagre 2.) 

STATUTORY POTWEKS of the Secretary of State, Ordnance Branch. 1879. 

01. (3». 9d:) ' 

STEAII ENGINES AND BOILEBS, AND GAS AND OIL ENGINES. 

Management of. Notes and Memoranda. 1911. \d. (Id) 
SXTDAN AIiUANAC. 1915. Compiled in the Intelligence Department, Cairo.' 

Is. (9d.) 
SUDAN. BRITISH FORCE IN THE. Standing Orders. 1914 9rf. (7a.) 

SUDAN. The Anglo-Egyptian. A Compendium prepared by Officers of the Sudan 
Government : — 

Vol, I. Geographical, Descriptive, and Historical (with Eighty-two illtu- 

trtaions). 10«. {Is. id.') 
Vol. II. Routes. 7». 6d. (5». 5d.) (AToJ containing Chapter VII., Supple- 

, ineni (^).) ■ ■ , ■ 
Ditto. In Separate Chapters. Is. (10<i)Bach: — 

I. and II., Nil. III. North-Eastern Sudan. IV. Eastern Sudan. V. 

Central Sudan. ' VI. Sonth-Eastern Sudan. VII. Bahr-el-Ghazal. VIII. 

Eordofau. IX. North-Western Sudan. 

Ditto. Chapter' VII. Supplement (A). Bahr-el-Ghazal. Additional Eoutes. 

It. (lOd) 

SUDAN CAMPAIGN. History of the'. Two parts, and Maps. 1890. 15j. 

(10s. llrf:) 
SUPPLY MANUAL (WAR). 1909. 6(?.. (6ii) 

SUPPLY. RE-ORGANIZED SYSTEMS OP, and of Ammunition Supplv of the 
Expeditionary Force in "War, consequent on the intro'duction of Mechanical 
Transport. Memorandum explaining the. Feb. 1912. Xd. (!«/.) 
SUPPLY, TRANSPORT, AffD BARRACK SERVICES. Begulations. 
1908. 9rf. (8<i) , , (Under revision) 

SURVEYING. Topographical and Geographical. Text Book of. Second edition. 
1913. 7s. ed. (5s. ed.) 

Ditto. 1906. Appendix XI. Tables for the Projection of Graticules for squares 

^ • of 1' side on scale of 1 : 250,000, and for squares of J" side 

on scale of 1 : 125,000 ; with other Tables used in Projecting 

Maps. id. (id.) 

Ditto. 1905. Appendix XII. Tables for the Projection of Graticules for 

maps on the scale of 1: 1,000,000. 1910. 2d. (2d:) 

TACTICAL RIDES AND TOCRS ON THE GROUND. The Preparation 

and Conduct of. Translated from the German. Is. 3d (Is. Id.) 
TELEGRAPH LINES. FIELD. Instruction in laying and Maintaining 

1907. 6d. (5d.) 
TELEGRAPHY AND TELEPHONY. Army. Instruction in :— 

Vol. J. Instruments. (Reprinted, with Corrections, 1914). Is. Gd. (Is. 4<i) 
Vol. II. Lines. 1909. (Eeprinted, with Oon-ections, 1914). Is. (HA) 
TELESCOPIC SIGHTS. Handbook. Land Service. 1904. 4d. (4d:) 
TERRITORIAL FORCE (and see Equipment ; Establishments) : — 

Cadet List. A List of all Cadet Units which had received Official Becognitiou on 

Slst December, 1913. 6d. (6d.) 
Cadet Units in the British Isles. liepnilations governing the Ebnnation, 
Organization, and Administration of. 1914. (Eeprinted, with Amendments in 
Army Orders to Deo. 1, 1914). Id. (IdO 
Commissions in the. Guide for the use of Candidates for. 1913. Id. (Id.) 
Exemption from Jury Service. \d. (Jd.) 
Field Kits. Officers and Men. Id. (Id.) 

Hospitals, General, of the. Eegulations for. 1912. 2d. (Id.) . 

Leaflets: — No. 1. Organization and Principles ; Service of the Imperial Yeomanry. 

Id, each, or 6d. per dozen, or 3s. per 100. 
Medical Corps. Eoyal Army. Syllabus of Training. 1914. Id. (Xd.) 
Mobilization of a Territorial Infantry Battalion. (Reprinted from The Abmy 

Eeview, July 1913.) 3d. (3d;) 
Nursing Service. Standing Orders. 1912. (Eeprinted, with , Amendments, 

1914). Id. (Xd.) 
Organization and Establishment. Special A.O., March 18, 1908. 6d. (6A) 
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^ MILITARY BOOKS, published by >l««Aor%— continued 

(As to prices in brackets, see top of pagre 2.) 

Territorial Force — contimied. 

Begnlations for tlie (including the Territorial Force Reserve), and for County 
Associations. 1912. (Beprinted, with Amendments published in Army Orders 
to Deo. 1, 1914). 6rf. (Id.-) 
Beserve. Begnlations. Issued with Special A.O., April 1, 1913. Id. (Irf.) 
Scheme for the Transfer of the Honourable Artillery- Oom'pany, the Imperial 
Yeomanry in Great Britain, and the Volunteer Force, and their Beorganization 
into the Temtorial Foice. Special A.O., March 18, 1908. 2d. (Id.) 
Service in the. Its Terms and Conditions. Id. (id.) 
Training. Provisional, 'id. ('2d.) 
Transfer of L'nits to the. Special A.O.. March 20, 1008, enclosing the Older in 

Council dated March 19, 1908. 2d. (2d.) 
Voluntary Aid: — 

Scheme for tlie Organisation of, in England and Wales. Dee. 1910. 2d. (2d.) 

Ditto. Ditto. Amendments. Id. (Id.) 
Ditto, iu Scotland. Oct. 1911. 2d. (id.) 

Ditto. Ditto. Amendments. Id. (Id) 
Training. (Extracts from " Medical Corps. Boyal Army. Training. 1911.") 
6d. (7d.) 

TBACTOK TKIAIiS held by the Experimental Sub-Qommittee of the Mechanical 
Transport Committee at Aldersliot, Sept. and Oct. 190ij. Eeport on. %d. (5d.) 

TBAINTNG AND MAITCETJVKB REGULATIONS. 1913. id. (bd.) 

TBANSPOET ItLANUAX.. ' Field Service. 1905. Part I. Provisional, id. (4d.) 

TBANSPOKT. MECHANICAL:— 

Heavy Pontoon Bridge for use by. Provisional. 1914. 2d (id.) 
Beguiatious for the Axjpointment of Inspectors of. Id. (Id) 

TKANSPOKT. PACK. Notes on. Id, (Id.) 

TKXJMPET AND BtTGLE SOUNDS for the Army. With Instructions for the 
Training of Trumpeters and Buglers. 1914. 9d. (8Y.) 

TTPHOID '(ANTI-) COMMITTEE. Eeport. 1912. 2». 6d. (Is. lid) 

TYPHOID (ANTI-) INOCULATION COMMITTEE^ Eeport on Blood Changes 
following Typhoid Inoculation. 1905. Is. 6d. (Is. 2d.) 

UBDU-ENGLISH PRIMER. For the use of Colonial Artillery. 1899. 15s. 

(10s. 2d) 
VALISE EQUIPMENT. Instructions for Fitting :— 

Pattern 1888 with pattern 1894 Pouch opening outwards. 1895. Id (Id.) 

Bandolier pattern. 1903. 2d. (2d.) 

VALPARAISO. The Capture of, in 1831. Is. (lOd) 
VENEREAL DISEASE. See Medical Services. 
VETERINARY CORPS. Army :— 

Eegulations for Admission. 1910. 2d (2d.1 

Standing Orders. 1906. 4d. (4d.) 

VETERINARY SERVICES. Army, Eegulations. 1906. (Eeprinted, with 
Amendments to Dec. 1, 1914). 3d. (3d.) 

VOLUNTARY AID. See Territorial Force. \ 

WAR OEEIOE LIST, AND ADMINISTRATIVE DIRECTORY EOR THE 

BRITISH AEMT. 1914. Sold bi/ Harrison 4 Sons, i5, Pall Mall, bs.net. 
WARFARE. See Land Warfare. 
WATER SUPPLY MANUAL. Is. 6d. (Is. 4d) 

WORKS MANUAL. (WAR). 1913. 4d (4d.) ; Appendix I. Id (Id) 
X-RAY APPARATUS, Hints Eegarding the Management and Dse of. 3d. (3d) 
YEOMANRY AND MOUNTED RIFLE TRAINING. Parts I. and II. 

1912. 6d (Gd) 

ZULU WAR OF 1879. Narrative of the Field Operations connected with the. 1881. 
(Reprinted Wm.) 3s. (2s. 4d.) 
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